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ABSTRACT
The is o la t io n  and s truc tu re  determination of seven new c is -  
1 (10 ), c is-4-germ acranolides, long icorn in  A-D, from Melampodium 
1 ongicorne, 9-desacetoxymelcanthin F from Polynnia maculata, and 9- 
desacetoxymelcanthin A and 9-desacetylmelcanthin B from J^. leucanthum 
is  described. The s t ru c tu re ,  c o n f ig u ra t io n ,  and conformation of the 
new compounds were determined by chemical t rans fo rm ations , and 
spectra l co r re la t io n  using NMR, MS and CD. The s ing le  c rys ta l X-ray 
d i f f r a c t io n  o f long ico rn in  A represented the f i r s t  c rys ta l s truc tu re  
of a g e rm a c ra -c is - l (1 0 ) ,c is -4 -d ie n - t ra n s -6 ,1 2 -o l id e .  Sodium 
borohydride reduction of 2 3 -hydroxy-c is ,c is -germ acrano lides  formed 
rearrangement products under loss of the es te r  funct ion  at C-9 and 
double bond m igration from 1(10) to  the 9(10) p o s i t io n ,  via S^2‘ 
reactions in vo lv ing  neighboring group p a r t ic ip a t io n  of the C-2-0H. 
Reduction o f 9-desacetylmelcanthin B (70) w ith  sodium borohydride 
affo rded the 1(10), l l ( 1 3 ) - te t r a h y d ro  d e r iv a t iv e .  9-Desacetyl- 
melcanthin B does not give the reduction rearrangement due to  the 
poor leaving a b i l i t y  of the hydroxyl group at C-9 in  70.
The reaction of 9-desacetoxymelcanthin F (52) w ith  sodium 
methoxide produced a 13-a lkoxy leucantho lide (56) and a 13- 
alkoxygermacranolide (55) which were also obtained from the reaction 
o f melampodin D w ith  sodium borohydride fo llowed by sodium methoxide 
trea tm ent. The formation of the 13-alkoxygermacranolide from 
melampodin D represents the f i r s t  conversion o f a leucan tho lide  in to  
a c is .c is -ge rm acrano l ide . The conversion of melcanthin A, a c i s , c is -  
germacranolide, to  a leucantho lide  is  described.
xv i
In the rearrangement reactions of leucantho lides in vo lv in g  the 
9(10)-double bond two mechanisms are postu la ted , the carbanionic and 
the S ^ ' ,  depending on the leaving group present at C - l .  For those 
cases where a poor leav ing  group is  present, fo r  example the ethoxy 
group in c ine ren in , the carbanionic mechanism seems to  be more 
favored. The 5^2' route predominates w ith  compounds conta in ing 
acyloxy leaving groups.
The s tru c tu re  determ ination of fo u r  new melampolides, 
melampodinin B, melampodinin C, 9-desacetylmelampodinin A, and 11,13- 
dihydromelampodin A-9[2-m ethy lbutanoate], and the germacrolide 15- 
desacetoxymelfusin which were iso la te d  from Melampodium americanum, 
are reported. The con f ig u ra t ion  and conformation of the ch ira l  
centers in melampodinin B were obtained by c o r re la t io n  w ith  the known 
melampodinin A. The reductive rearrangement reaction o f Melampodinin 
A and Melampodinin B a ffo rded the same product via the m igration of 
the l(10)-doub le  bond to  the 9 ,10 -pos it ion  w ith  loss of the es ter 
funct ion  at C-9. The reaction of melampodinin A w ith  sodium 
methoxide y ie lded  two 4 ,5 - t r a n s - l (1 0 ) - c is -d i la c to n e s .
Melampolides lack ing  the C-14 carbonyl moiety were prepared in 
order to  determine the c o n tr ib u t io n  of the a , 3 -unsaturated methyl 
es te r chromophore to  the CD spectrum of these type of compounds. The 
ox ida tion  w ith  selenium d iox ide and te r t -b u ty lh yd ro p e ro x id e  was used 
fo r  the transform ation of the trans,trans-germ acrano lides 
cos tuno l ide , d ihydrocos tuno lide , and d ihydropartheno lide  in to  the 
corresponding C-14-hydroxy and C-14-oxo-melampolides.
The syn the t ic  c is - l ( lO ) , t ra n s -4 -1 4 -h y d ro x y  costuno lide exh ib ited
xvi i
a negative Cotton e f fe c t  at 257 urn which was assigned to  the n -> n* 
t ra n s i t io n  o f the methylene-y-1actone group. The 14-oxo-analog 
showed a broad band at 226 nm.
x v i i i
Chapter 1
1
During the past decade the number of chemical transform ations of
sesquiterpene lactones have rap id ly  decreased. One of the reasons
f o r  th is  decrease has been the a v a i l a b i l i t y  of more exact methods of
s tru c tu re  determination such as s ing le  c rys ta l X-ray d i f f r a c t io n  and
neutron d i f f r a c t io n .  More common use of these methods made chemical
c o r re la t io n  of an unknown compound w ith  compounds of known s truc tu re
unnecessary. Furthermore, w ith  the use of Fourier transform in s t ru -  
1 1 ?mentation, mainly H and C NMR, the need fo r  r e la t iv e ly  large 
amounts ( ~ 1 0 0  mg) of m a te r ia l ,  which is  genera lly required fo r  
chemical t ra n s fo rm a tio n , no longer e x is ts .  Since the major part of 
t h is  d is s e r ta t io n  is  concerned w ith  the s truc tu re  determination and 
chemistry of cyc lodeca-1 , 5-diene type s e s q u i t e r p e n e  lactone (germa- 
c ra n o l id e s ) ,  some of the ty p ic a l  reactions of the germacranolides 
w i l l  be presented in t h is  chapter. The germacranolides co n s t i tu te  
the la rge s t  group of sesquiterpene lactones known to  da te .*  Four 
con f i  gu r a t i  on a lly , isomeric medium r ing  lactones have been recognized 
as i l l u s t r a te d  in Figure 1 .1 .*  The d i f fe rence  between the four 
subgroups l ie s  in the con f ig u ra t ion  of the C - l( lO )  and C-4,5 double 
bonds. The c o n f ig u ra t iona l and conformational d if fe rences  of the 
medium r ing  lactones are c le a r ly  expressed in t h e i r  d i f f e r e n t  
chemical behavior.
1.1 Conversion of germacrolides to  eudesmanolides and gua ianolides.
Among the fou r subgroups, the germacrolides have been studied 
e x tens ive ly .  The chemistry o f the germacrolides is  d ic ta ted  by the
3
Ĉ Oy
g e rm o c ro l id e  ^
meiompolide 2
heliongolide 3
CIS, c i s -
germ acrano lide
Figure 1.1 Four subgroups of germacranolides.
con f igu ra t ion  of the double bonds and the conformation of the cyc lo - 
decadiene r in g .  One of the most typ ic a l reactions tha t these r ing  
systems undergo is  the acid-ca ta lyzed c y c l iz a t io n  to produce eudes- 
manolide d e r i v a t i v e s . ^  As i l lu s t r a te d  in Scheme 1.1, custono- 
l id e  (5) when trea ted  w ith  ace t ic  acid and p e rch lo r ic  acid at 0°, 
undergoes an acid-mediated transannular c y c l iz a t io n  via cation 6  to 
give mixtures of the eudesmanolides a-cyc locostuno lide (7) and 3- 
cyc locostuno lide  ( 8 ) .  This reaction can also be catalyzed by Lewis 
acids such as BF3 . 6
CH
CH CH














Scheme 1.2 C yc l iza t ion  o f pyre thros in  (9).
The eudesmanolide type skeleton can also be obtained by ac id - 
catalyzed c y c l iz a t io n  o f  l ( 1 0 )-epoxide d e r iv a t iv e s  o f  germacrolides 
as i l l u s t r a te d  in Scheme 1.2. For instance, pyre thros in  (9) a 
n a tu ra l ly  occuring l ( 1 0 )-epoxide undergoes an ac id -ca ta lyzed 
Markovnikov-type transannu lar c y c l iz a t io n  to  produce the eudesmano- 
l id e s  10 and 11.^ On the other hand, the 5,7 guaianolides skeleton 
is  formed when a 4,5 epoxide is  permitted to  undergo Lewis acid 
mediated c y c l iz a t io n  as shown in Scheme 1.3. For d ihydropartheno lide 
(12)^ a Markovnikov-type c y c l iz a t io n  w ith  an attack of C-l at C-5 
must give cation 13 which, a f te r  the loss of proton from C - l ,  forms 











Scheme 1.3 Conversion of d ihydroparthenolide (12) to  a gua ianolide.
These c y c l iz a t io n  reaction products can also be obtained under 
the in f luence  of micro-organism. For example, when costunolide 
(5) was fermented on a prepara t ive -sca le  w ith  a cu ltu re  of
O
A sperg il lus  n ig e r , fou r  metabolites were iso la te d  (Scheme 1 .4 ) .  I t
is  apparent from th is  b io -trans fo rm ation  tha t  three types of
m od if ica tion  have been achieved: reduction of the 11,13-exocyclic  
double bond of the y- 1  actone fu nc t ion ,  epoxida tion, and transannular






16 R1 = oc -M e  , R2 = OH
,2R
18 R1 =a-M e, r 2 =OH
Scheme 1.4 Cyc l iza t ion  of  costunol ide (5) by micro-organisms,
The above out l ined c y c l i z a t io n  reactions of  the t r a n s , t ra n s -  
cyclodecadienes are not observed fo r  melampolides and c i s , c i s - g e r -  
macranolides. I t  appears tha t  the remoteness of  the double bonds in 
the medium r ing (X-ray) do not permit the t ransannular  cyc l i za t ion s  
to  take place in the l a t t e r  medium r ings.  Furthermore, the presence 
o f  the carbomethoxy group in most melampolides and c is ,c is -germa-  
cranol ides des tab i l i ze  the carbocat ion ic  center at C-10 which might 
be a possible intermediate in the t ransannular c y c l i z a t io n .
1.2 Conversion of germacrolides to  elemanolides
Another type of react ion which is  exc lus ive ly  observed in the 
germacrol ide ser ies is  the Cope rearrangement of t r a n s , t r a n s - l , 5 -  
cyclodecadienes which produces the elemene-type sesquiterpene. I t  is 
evident from the c h a i r - c h a i r  t r a n s i t i o n  s ta te  of these react ions that 
among the four subgroups of  germacranolides, only the germacrolides 
can adopt such a conformation (Scheme 1 . 5 ) . ^ ’ ^  Molecular mechanics 
ca lcu la t ion  on ten-membered r ing sesquiterpenes'1''1’ that  undergo the 
Cope rearrangement has demonstrated tha t  the elemenes are formed from 
the corresponding germacrenes through the most stable t r a n s i t i o n  
s ta te ,  that  is  the c ha i r ,  cha i r  t r a n s i t i o n  state 2 0  regardless of the 
number of conformers in the ground s ta te .
AcC 2 2 0
5 min.
0 0
Scheme 1.5 Cope rearrangement of d ihydrotamaulip in  A acetate (19).
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1.3 Photochemical oxida t ions of  germacranolides
Photochemical react ions,  invo lv ing  s in g le t  oxygen generated by
methylene blue sensi t ized oxigenation of germacrol ides,  usua l ly
proceed at the l ( 1 0 ) -double bond to  give the corresponding hydro-
1 *?peroxide (Scheme 1 .6) .  Sesquiterpene lactone hydroperoxides have
1 O
recent ly  been found in nature.  The 4,5-double bond does not
undergo t h i s  reaction possibly due to the s te r i c  inf luence of the
la c ton ic  group. This was exempl i f ied by the attempted react ion in
our laboratory of melampodinin A (24) wi th s ing le t  oxygen which only
af forded unreacted product a f t e r  24 hours of photooxygenation (Scheme 
1 ^1 .7 ) .  Furthermore, germacrolides wi th C-14 being oxidized would
OOH
m ethylene blue




Scheme 1.6 Photooxygenation o f costunolide (5).
not undergo photooxidat ion,  which must be the reason that 
melampolides and c is ,c is -germacranol ides wi th C-14 represent ing 
carbomethoxy groups are in e r t  to photooxidat ions.
Og Vis. l ight
m e th y le n e  blue'
HO 02 4
Scheme 1.7 Attempted photooxigenat ion of  melampodinin A (24)
1.4 Reductions and oxida t ions
Reduction of  germacranolides general ly  involves the saturat ion 
of the 11,13-exocycl ic double bond. The formation of the 11,13- 
dihydro de r iva t ives  can be accomplished by the use of sodium boro- 
hydride in methanol, which usual ly y ie ld s  the a-or iented C - l l  methyl 
group as the major product (Scheme 1 . 8 ) . ^  As i l l u s t r a t e d  in Scheme
1.8,  the reduct ion of long icorn in  B (26) w i th  sodium borohydride 
provided in q u a n t i ta t i v e  y i e l d  l l3H ,13 -d ihydro long icorn in  B (27).
11




R = -C C H (C H 5)2 ii J
0  2 6 2 7
Scheme 1.8 Reduction of  long icorn in  B (26) wi th NaBĤ
Reductions wi th sodium borohydride have also been reported fo r  
many other germacranolides as exempl i f ied in chapters I I ,  I I I  and IV 
of t h i s  d i s s e r ta t io n .
Reductions of  the 1 actonic exocyc l ic  methylene have also been 
accomplished by c a t a l y t i c  hydrogenation wi th Pd-C, which often forms 
a 3 -o r ien ted  C - l l  methyl group (Scheme 1.9) .  As out l ined in Scheme
1.9,  the react ion of  the melampolide maculatin (28) af forded the
h 2/ p - c
2 8
Scheme 1.9 C a ta ly t ic  Reduction of maculatin (28).
l l aH ,13 -d ihyd rop roduc t . *5 Saturat ion of  the endocyclic double bonds 
was also observed when the more ac t ive  plat inum oxide was used as 
ca ta lys t  in the reduct ion of  costunol ide (5) provid ing the hexahydro- 
de r iva t i ve  30 (Scheme 1 . 1 0 ) . ^
Reductive rearrangernent of germacranolides wi th sodium boro- 
hydride in which the l (10)-doub le  bond is sh i f ted  to the 9(10)-  
pos i t ion wi th the loss of an ester moiety at C-9 have been observed 
(Scheme l . l l ) . 1 *7 Reduction of 9-acetoxymelnerin A (31) wi th twenty 
equivalents of sodium borohydride produced a mixture of C - l 1 








Scheme 1.11 Sodium borohydride reduct ion of  9-acetoxymelnerin 
A (31).
Reductive rearrangements have been f requent ly  applied in
17 1 fts t ruc tu re  e luc ida t ions  of melampolides ’ and c is ,c is -germa-  
c rano l ides1^ by perm i t t ing  the assignment of the ester moiety located 
at C-9. This t ransformat ion has not been observed to occur wi th 
germacrolides due to  the i n a b i l i t y  of  the germacrolides to  adopt a 
t ra n s i t i o n  sta te which al lows an S^ 1 react ion to  occur.
Reductive t ransformat ion of  epoxides to alkenes have been 
car r ied  out by using e i th e r  z inc-copper couple1 9  or CrCl2 . 2 0  As 
i l l u s t r a t e d  in Scheme 1.12, l inderane (34) was cor re la ted  with 






Scheme 1.12 Reduction of l inderane (34) wi th CrC12-
Oxidation of germacranolides general ly involves the conversion 
of  primary a l l y l i c  a lcohols to  a,e-unsaturated aldehydes. This 
reaction is  very important in the determinat ion of the stereo-
pi
chemistry of  the corresponding double bond. Herz and Sharma have 
developed an empir ica l  ru le based on the NMR chemical s h i f t  of the 
aldehyde proton in which compounds with t rans-double bonds w i th in  the 
medium r ing general ly  e x h ib i t  NMR absorpt ions near 10 ppm or above, 
whereas values near 9.5 ppm are found in the c is -con f ig u ra t ion  of 
a , 3 -unsaturated aldehydes (Figure 1.2).




Figure 1.2 Chemical s h i f t s  of  aldehydic protons of 
germacranolides.
Oxidat ive rearrangements of  germacranolides have been observed
to occur wi th cer ta in  melampolides. For example, melampodin A (37)
when trea ted with chromium t r i o x id e  in acet ic  acid gave the keto-
99epoxide 38 (Scheme 1.13).  In another example, the oxidat ion of 9- 
acetoxymelnerin A (31) wi th pyr id in ium chiorochromate (PCC) resul ted 
in the formation of  the expected aldehyde 39 along with the rear­
ranged ketone 40 (Scheme 1 . 1 4 ) . ^  The formation of 40 involved the 
migrat ion of C-5 from C-4 to C-15, most l i k e l y  via ca t ion ic  i n t e r ­
med i ates.






Scheme 1.13 CrO^ ox ida tion  o f melampodin A (37)
Peracid oxidat ion of  germacranolides usual ly  resu l t s  in the
formation of epoxides. In the case of the germacrol ides, 1(10)-
epoxides are formed p r e f e r e n t i a l l y .  For ins tance,  costunol ide (5) is
converted to the 1 (10)-epoxide (41) using m-chloroperbenzoic acid (m-
CPBA) in CHC1 3  (Scheme 1.15).  To prevent the prev ious ly discussed
transannular c y c l i z a t io n  of  epoxide 41 the presence of sodium acetate
bu f fe r  is required. On the other hand, reaction of the c i s , c i s - - -------
germacranolide long icorn in  A (42) wi th m-CPBA gave predominantly the
4,5-epoxide (50) (Scheme 1 . 1 5 ) . Epoxidation of  the 4,5-double bond
also occurs when melampolides are reacted with  peracids.  For
example, melampodin A acetate (44) was converted to  leucanthin
B (45) wi th  m-CPBA, thus es tab l ish ing  i t s  absolute c on f igu ra t ion ,
since 45 had been cor re la ted  with melampodin A (37),  a compound of
77known absolute conf igura t ion  (Scheme 1.15).
1.5 H yd ro lys is , r e lac ton iza t ion  and t r a n s e s t e r i f i c a t i o n .
Hydrolysis of an es ter  side chain is sometimes desi rable in
order to  determine the s i t e  of attachment of the es ter  moiety on the
24medium r ing of a sesquiterpene lactone.  Herz and Sharma have 
descr ibed a method to  s e le c t i v e l y  hydrolyze cer ta in  es ter side chains 
attached to  a germacranol ide.  The authors demonstrated tha t  a 
so lu t ion  of  potassium carbonate in methanol-water at  room temperature 
hydrolyzes 3-hydroxy-2-methylbut-2-enoate in 20 to  30 minutes whereas 
the isobu ty ra te ,  2 -methylbutanoate,  t i g l a t e  and angelate give no 
react ion under the same cond i t ions .
HO
o 2c h 3 COpCHr,
' H r
Scheme 1.14 PCC oxidat ion of 9-acetoxyme‘lnen'n A (31).
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Scheme 1.16 Hydrolysis of cn ic in  (46).
Hydrolysis of cn ic in  (46) under mild condi t ions wi th potassium
carbonate af forded sal oni tenol  ide (47) wi thout opening of  the y-
? Klactone group (Scheme 1.16).  Treatment under stronger a lka l ine  
cond i t ions fo l lowed by a c i d i f i c a t i o n  resul ted in the formation of  the 
more stable 7,8-1 actonized germacrolide a r t e m is i i f o l i n  (48).
Hydrolysis of acanthospermal A (49) wi th sodium inethoxide in 
methanol at room temperature gave a s ingle  product (50) (Scheme 
1 .1 7 ) .25
NaOCH
Scheme 1.17 Hydro lys is  o f acanthospermal A (49).
In the course of  the reaction the a-hydroxy isobutyryl  moiety at C-9 
was replaced by a methoxy group in addi t ion to Michael at tack of a 
methoxy group at C - l 3. The interchange of the ester moiety f o r  a 
methoxy group at C-9 permit ted the assignment of the posi t ion of the 
two ester side chains in acanthospermal A (49).
Other examples of methanolysis of  melampolides include the
26react ion of enhydrin (51) which y ie lded only the sapon i f ica t ion  
product (52) which remained unchanged upon fu r th e r  treatment wi th 
sodium methoxide (Scheme 1.18).
.OH
5 2
Scheme 1.18 Reaction of  enhydrin (51) wi th sodium methoxide.
Melampolides may also rearrange to  give di lac tones with a 9,10- 
double bond as i l l u s t r a t e d  by the reaction of  t e t r a h e l in  B (53) wi th
o c
sodium methoxide (Scheme 1.19).  The major product (54) resul ted 
from t r a n s e s te r i f i c a t i o n s  by the loss of the ester side chains, and
20
the minor c ons t i tuen t ,  the di lac tone 55, must have been formed by an 
Sn2 ‘ at tack of sodium methoxide at C- l fol lowed by 
t r a n s e s te r i f i c a t i o n  and C-14/C-8 la c to n iz a t io n .
In con t ras t ,  format ion of a di lac tone under methanolysis con­
d i t i o n s  is  more favorab le ,  and higher y ie ld s  are obtained when c is ,  
c is-germacranol ides are used as substrates.  When melcanthin A (56)
' °
r,= A o °ac
1 OAc






Scheme 1.19 Reaction of t e t r a h e l in  B (53) wi th sodium methoxide. 
was reacted wi th  sodium ethoxide, only one product was obtained
o r
(Scheme 1.20).  The r e la t i v e  ease of  format ion of  the di lactone 
57 is  evidence tha t  the S^2‘ reaction is more f a c i l e  in the c i s , c i s -  
germacranol ides, whereas in melampolides the t r a n s e s te r i f i c a t i o n  is a 
much fa s te r  p r o c e s s . ^  The reason fo r  t h i s  d i f fe rence  is not c le a r l y  
understood. Greater d e ta i l s  about these t ransformat ions w i l l  be 
discussed in the fo l low ing  chapters as part of the d i s s e r ta t io n .
21
I. 2  NaOEt
Scheme 1.20 Reaction of  11,13-dihydromelcanthin A (56) wi th sodium 
ethoxide.
Chapter 2
THE ISOLATION, STRUCTURE ELUCIDATION, AND CHEMISTRY OF 





Mel ampodium of the t r i b e  Heliantheae (Asteraceae) is  a t rop ica l  
and subtropical  genus which is  found almost exc lus ive ly  in Mexico and 
Central America wi th four species located in the southwest United 
States,  and three species scattered in Colombia and B r a z i l . ^
Thirteen of the 37 species of  Melampodium have been chemically 
examined and only three are known to contain the less common c i s , c i s -  
germacranol ide which are present in _M. leucanthum, ^ 9  M. cinereum- , 3 0
pzr
M_. ro s e i .
Melampodium long icorne , which belongs to  the ser ies Sericea, is 
the only member of t h i s  ser ies tha t  have been invest iga ted  by 
chemical means. I t s  chemistry is  in close agreement wi th the other 
Melampodium species tha t  have been examined, mainly the presence of
OO
germacranol ide-type sesquiterpene lactones.
The is o la t io n  and s t ruc ture  e luc ida t ion  of four new c i s - l ( l O ) ,  
c is-4-germacradienol  ides,  long icorn in  A-D, f  rom _M. l o n g i c o rn e ^  are 
discussed below.
2.2 Iso la t ion  of  longicorn in  A-D
Melampodium longicorne was co l lec ted  in September 1976 in
G rea te rv i1le ,  Ar izona. Extrac t ion  of 130 g of  dr ied leaves with
??chloroform fol lowed by a work up as previously described , provided
1.2 g of  crude syrup. A 60 MHz NMR spectrum of the crude syrup 
revealed signals tha t  are very t yp ica l  of melampolides and c i s , c i s -  
germacranolides (Figure 2 .1 ) .  For example, the appearance of  two 
doublets in the downf ield region near 6.5 and 5.5 ppm are t y p ic a l  of  
the exocycl ic  methylene protons of  the y- lac tone moiety.
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Table 2-1. Sesquiterpene Lactones Isolated 
from the Genus Melampodiuma,b
Species No. of Cpds. and St ruc tu ra l  Type
GG GM GH GC GD GL
Series Melampodium
M. americanum L. 1 5
M. di f fusum Cass. 1 1
M. longipes (A. Gray)
Robins
2
M. l inear i lobum DC. 7 2
M. pi losumc Stuessy 1 1
Series Leucantha
M. argophyllum 
(A. Gray, Ex. Robins.) B1ake.
3
M. cinereum DC 5 3 2
M. leucanthum 6  
Torr.  and A. Gray.
5 1 3
Series Longip i la
M. long ip i lum Robins. 2
Section Alc ina (Cav.) DC.
M. per fo l ia tum Cav. H.B .K. 1
Other Species
M. g rac i le  Less. no lactones
M. rosei^ Robins. 3
M. Longicornee A Gray 4
aTaken from Table 2 2  of  r e f .  28 
S t ruc tu ra l  types from Table 2-1, designated as fo l lows :  germa- 
c ro l ides  (GG), melampolides (GM), he l iangol ides (GH), 4,5- 
dihydro-germacranol ides (GD), leucanthol ides (GL). C is ,C is -  
qermacranolides (GC).
Reference 31,- Reference 36, eReference 14.
Figure 2-1. 60 MHz NMR spectrum of the crude ex trac t of _M. long ico rne . (CDCl3,30°C)
♦
2 0  3 0  4 0  5 0  P P M ( T )  « 0  7 0  3 0 9 0  10
4.0 ; 2.07.0 5.0 3.0 0.08.0 6 . 0 1.0
roCJi
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Furthermore, s ignals corresponding to carbomethoxy groups (3 .6 -3 . 8  
ppm), v in y l i c  protons near 5.8 ppm, and 3-hydrogens of an a, 3- 
unsaturated system at 7.2 ppm as well  as methyl groups at tached to a 
saturated carbon were observed.
Iso la t ion  of the pure la c ton ic  const i tuents  involved chroma­
tographic techniques which were employed in order to determine the 
number and quant i ty  of components present in the crude, as fu r the r  
exempl i f ied in the experimental sec t ion .  A f te r  chromatographic 
separations four new sesquiterpene lactones were obtained. Their  
s t ruc tu re  e luc ida t ion  involved spectroscopic methods and chemical 
t ransformat ion which w i l l  be discussed below.
2.3 St ructure e luc ida t ion  of  long icorn in  A.
Longicornin A (1 ) ,  ^ A ^ ^ I O ’ a co lo r less  c r y s ta l l i n e  compound, 
mp 145-147°, showed absorption in the IR and H •'•NMR typ ica l  of  a 
sesquiterpene lactone. Bands at 3615 and 3595 cm"* ind icated the 
presence of hydroxy groups. Fur ther absorptions at  1760, 1725 and 
1710 were in d ic a t i v e  of  the presence of a lac ton ic  and ester groups, 
respec t ive ly .  The 200 MHz *H NMR spectrum ( f igu re  2-2, Table 2-5)
OQ
was s im i la r  to that  of  melcanthin B (2).  Longicornin A showed a 
three-proton s in g le t  at 3.70 ppm typ ica l  of carbomethoxy methyls in
,OAc
HO,
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Figure 2-2
200 MHz NMR spectrum of 
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melampolides and ci s ,c is-germacranol ides.  The most downf ield 
s ignal at 7.21 ppm was assigned to  H-1. This chemical s h i f t  is  
d iagnost ic  fo r  a c is -s tereochemis t ry  of the 1 , 1 0 -double bond, the low 
chemical s h i f t  of H-1 being an ind ica t ion  tha t  i t  is c is  to the 






Figure 2-3 Chemical s h i f t  of  H-1 in 1(10)- c is  and l ( 1 0 ) - t ra n s  
germacranol ides.
a hydroxy group at C-2 was ind icated by the appearance of  a broad 
m u l t i p l e t  at 4.77 ppm. Upon i r r a d i a t i o n  of  t h is  m u l t i p l e t ,  the 
doublet  at 7.21 ppm col lapsed to a s in g le t  along with the doublet of 
doublets at 2.81 ppm which was assigned to  H-3. The presence of  
another proton at C-3 was confirmed by the appearance of  a doublet  at 
2.53 ppm (H-31) which exh ib i ted  a coupling constant of  15 Hz, t yp ica l  
of  geminally coupled protons. The m u l t i p l e t  centered at 3.16 ppm was 
assigned to  H-7. I r r a d ia t i o n  of t h i s  m u l t i p l e t  caused the col lapse 
of  the doublets due to  H-13a (6.41 ppm) and H-13b (5.86 ppm), along 
w ith  the s im p l i f i c a t io n  of  the doublet  of doublets at 5.20 and 5.86
29
ppm which were assigned to H- 6  and H-8 , respec t ive ly .  Saturat ion of 
the H- 6  s ignal at 5.20 ppm col lapsed the doublet at 5.74 ppm (J_=10 
Hz) assigned to  H-5. The presence of a primary a l l y l i c  alcohol was 
shown by the appearance of a two-proton doublet  at 4.33 ppm (H- 
15 ,15 ' ) ,  which upon oxidat ion wi th pyr id in ium chiorochromate (PCC) in 
CH2 CI2  gave an aldehyde (5) (Scheme 2-1, Figure 2 .9) .  The s h i f t  of 
H-5 from 5.74 ppm in 1 to 6 . 8  ppm in 5 ind icated a 4 , 5-dis-double
long icorn in  A.
The attachment of  es ter  side chains to  C- 8  and C-9 was in 
agreement wi th the chemical s h i f t  f o r  H- 8  and H-9 (5.86, 5.63 ppm). 
The NMR spectrum of 1 suggested tha t  two es ter  side chains were 
present,  the chemical s h i f t s  being in agreement wi th two 2 -methyl - 
propanoate groups. Two one-proton m u l t ip le t s  at 2.60 ppm (H-21) and
2.4 ppm (H-2") along w i th  four pai rs of  doublets at 1.15, 1.11, 1.07 
and 1.02 ppm confirmed the above conclusion. Further support fo r  the 
i d e n t i t y  of  the side chains were obtained from mass spectral  analysis 
which is  discussed below.
R °  -C C H (C H -),
Scheme 2-1. Oxidat ion of  longicorn in  A with PCC/C^C^.
I OG
bond, ’ suggesting a c is .c is -germacrad ieno l ide  skeleton fo r
The mass spectral  fragmentat ion of c is ,c is -germacrano l ides 
containing a hydroxy group at C-2 fo l lows two main pathways of
9Q
fragmentat ion.  The f i r s t  involves the loss of  ester side chains 
wi thout  cleavage of the medium r ing ,  resu l t in g  in MS peaks which can 
be assigned to fragments as ou t l ined in scheme 2-2. MS peaks at _m/z_ 
392 [M-C^HgOg] ( 6 ) , m/z_ 304 [M^C^HgOg] (7),  and _m/z_ 286 [M^C^gOg-  
^ 0 ]  (£)» are in agreement wi th the f ragmentat ion pattern shown in 
Scheme 2 - 2 . The second mode of f ragmentat ion consists of  r ing 
cleavage between C-8/C-9 and C-2/C-3 g iv ing r ise  to  two s ig n i f i c a n t  
ions,  9 and 10 as i l l u s t r a t e d  in Scheme 2-3. Further evidence fo r
/V. A.A.
t h i s  fragmentat ion pat tern was obtained by analysis of the MS 
spectrum of 11,13-dihydrolong icorn in  A. In add i t ion ,  compound 
1 ex h ib i t s  a base peak at  _m/z_ 71 (C4 H7 O), corresponding to  the 
acyliurn ion 1 2  of  the es ter  side chain.
This completed the s t ruc tu ra l  arrangement of  the carbon skeleton 
of  long icorn in  A as shown in 1 except f o r  the stereochemical 
assignments at the f i v e  ch i ra l  centers (C-2, C-6 , C-7, C- 8  and C-9) 
of the medium r ing .  Single c rys ta l  X-ray d i f f r a c t i o n  of long icorn in  A 
gave the r e la t i v e  conf igura t ion  and so l id  s ta te  conformation of  the 
molecule. Based on the f ind ing  tha t  a l l  higher plants produce 
sesquiterpene lactones with H-7a*, the stereo pa i r  shown in f igu re  2- 
4 most l i k e l y  represents the absolute conf igura t ion  of the molecule. 
The coordinates fo r  nonhydrogen atoms in long icorn in  A are summarized 


















2-2. Mass spectral  f ragmentat ion of  long icorn in  A.
aMolecular weight obtained by High reso lu t ion MS. 
^Re lat ive  i n te n s i t y .
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Scheme 2-3. Mass spectral  fragmentat ion of  long icorn in  A.
aMolecular weight obtained by high reso lu t ion MS 
bRe la t ive  i n t e n s i t y .
cObtained from the MS spectrum of 11,13-dihydro- 
long icorn in  A 14.
Figure 2-4. Stereoscopic representat ion of  the long icorn in  A
molecule. (Hydrogen atoms of methyl groups have been 











Scheme 2-4. Reaction of long icorn in  A (1) wi th NaBH^.
Treatment of long icorn in  A (1) wi th NaBĤ  not only provided the 
expected 11,13-dihydro longicornin A (14) (Figure 2-10, Table 2-5) ,  
but in add i t ion compound 15 was obtained as the major product 
(Scheme 2-4) .  In t h is  react ion the 1,10-double bond rearranged to 
the 9 ,10-pos i t ion wi th loss of the 2-methyl propanoate group at C-9, a
17
react ion th a t  is common fo r  these type o f  compounds. ’
The s t ruc tu re  of compound 15 was confirmed by NMR (Figure 2- 
11, Table 2-5) which showed a downf ield s h i f t  f o r  the H-9 signal from 
5.63 ppm in 1 to  6.15 ppm in 15. The stereochemistry of the C - l l -  
methyl group must be a-or ien ted since the coupl ing constant 
J_7 n = l l H z  suggested an a n t i - p e r i p i a r a r  o r ien ta t ion  of H - l l  and H-7.
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Reaction of long icorn in  A (1) wi th  _m-chl oroperbenzoic acid (m- 
CPBA) gave the 4,5-epoxide (16) which exh ib i ted a diagnost ic doublet 
at 3.19 ppm due to  H-5 (Figure 2-12).  The coupling constant 
(J_5 5 g=1 0 Hz) indicated an ant i  per i pi anar o r ien ta t ion  of H-5 and H- 6  as 
in 16 (Scheme 2-5).  Since backside at tack of the reagent on the 4,5- 
double bond is  most u n l i k e ly  fo r  s t e r i c  reasons, the stereochemical
Scheme 2-5. Reaction of long icorn in  A with m-chloroperbenzoic acid.
s t ruc tu re  of the re s u l t in g  epoxide must be as shown in 16 and i t s  
conformation be 1 5 ^ 5 ] .
Some comments should be made at t h i s  po in t  on the conformation 
of  the melcanthins A-G since they were the f i r s t  reported c i s , c i s -
OQ
germacranolides s t r u c t u r a l l y  re la ted to  the long icorn ins .  The
previous assignments of  the melcanthins were based on 1 ow-temperature
NMR studies and resu l ted in a t e n ta t i v e  conformation CiD^4 »i 5 dbI1- 
melcanthin B which in turn was the basis f o r  the con f igura t iona l  




con fo rm at iona l ly  f l e x i b l e  melcanthin B and i t s  analogs could be 
c le a r l y  establ ished from spectral  and chemical data. However, the 
conformation as well  as the conf igura t ion  at C-9 in melcanthins A-G 
and C-2 in melcanthin B and C could not be unambiguously determined.
Chemical studies of  c is,c is -germacrad ieno l ides wi th nuc leoph i l ic  
reagents resul ted in the formation of 1 eucantholides of the 
melampodin B type (Scheme 2-6).  Stereochemical and mechanistic 
considerat ions of these addit ion-rearrangement reactions suggested a 
conformation [ 1 D ^ ,  1 5 D5 ]  f o r  the c is.c is -germacradieno l  ide precursors 
as well  as a 3 -con f igu ra t ion  of the leaving group at C-9 in the 
medium r i n g . ^
0
•CH2OEt








Scheme 2-6. Reaction of  a c is ,c is -germacrad ieno l ide  wi th an alkoxide 
nuc leophi le .
E a r l i e r  attempts to obtain X-ray data on melcanthin B f a i l e d .  
Therefore,  the X-ray s t ruc tu re  of longicornin A not only allowed 
complete s t ruc tu ra l  assignments of the four long icorn ins but *H NMR 
co r re la t ions  of melcanthins A-G with that  of [ ^D ^ ,^gD g ] - long ico rn in  
A permit ted a cor rect  s t ruc tu ra l  descr ip t ion of  the melcanthins.  
Since the •'•H NMR spectral  data fo r  the medium r ing port ion of the 
long icorn ins  were near ly iden t ica l  to that  of  the melcanthin ser ies,  
i t  is s trongly  suggestive that  the major conformation of the 
melcanthins is [ 1D^ ,^gDg]  as shown in Figure 2-5. Consequently, 








Melcanthin B Ac C' OH 2
Melcanthin C Ac A' OH 21
Melcanthin D Ac Mac H 22




Melcanthin F Ac B' H 24
Melcanthin G B' Ac H 25
A./V
A' B'  c ' A j
Figure 2-5. Corrected s t ruc tures  fo r  the melcanthins A-G.
pq
melcanthin B and C should be reversed. The corrected s t ruc tures 
fo r  the melcanthins A-G are shown in Figure 2-5.
2.4 Struc ture e luc ida t ion  of  long icorn in  B.
Longicornin B (26),  ^ H - ^ O g ,  mp 135-136.5°C, showed a *H NMR 
(Figure 2-13) spectrum and a mass spectral  f ragmentation pattern 
s im i la r  to those of 1 .^°  The major d i f fe rence in the medium r ing 
skeleton of the two compounds was suggested by the up f ie ld  s h i f t  of 
H-2 from 4.77 in 1 to about 2.5 ppm in 26 in d ica t ing  the absence of a 
hydroxy group at C-2 in 26. The appearance of a doublet of doublets 
at  7.16 ppm (H-1) was also in d ic a t i v e  of the presence of  two protons 
at C-2. The other s ignals in the *H- NMR spectrum of 26 were very 
s im i la r  to 1 and are summarized in Table 2-5. The mass spectral  
f ragmentat ion,  and the *H NMR spectral  data suggested tha t  the two 
ester side chains had to be attached to C-8 and C-9 and represented 
two 2-methylpropanoates as in 26.
c h 3o 2c
i "To 9 \  -"OR
R -  R' =
Longicornin B 26
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13Detai led C NMR studies invo lv ing  proton noise decoupl ing,  and
33o f f - c e n te r  decoupling experiments allowed the assignments of a l l
1 o
the carbons in long icorn in  A (1) and long icorn in  B (26). The C NMR 
data,  which corroborated the NMR assignments, are summarized in 
Table 2-6.
2.5 St ructure e luc ida t ion  of long icorn in  C.
Longicornin C (27), C25^34^10s was a 9um which on the basis of
NMR spectral  pat terns had to  be s t r u c t u r a l l y  c lose ly  re lated 
to  1 and contain the same subs t i tu t ion  pattern at the medium r ing 
port ion of  the molecule (Figure 2-14).  The s im i l a r i t y  of  the H *NMR 
spectrum of 27 and 1, suggested that the d i f fe rence between 
compounds 1 and 27 had to  be in the ester side chains at tached to 
C- 8  and C.-9. Besides 1H NMR and MS signals t yp ica l  f o r  a 2-methyl - 
propanoate moiety,  the-appea-Fan-ce—of mult i  pi ets centered at 1.55 (H- 
3") and 2.45 (H-2") ,  a doublet at 1.05 (C-2"-Me), and t r i p l e t  at  0.84 
ppm (C-3"-Me) suggested the presence of a 2-methylbutanoate group.
Mass spectral  peaks at  _m/z_ 392 [M-H0 2 CCH(CH3-)(G2 H5 ) ]  and _m/z_ 85 
[OCCH(CH3 ) (C2 H5 ) ]  were in agreement wi th a f ive-carbon ester 





was establ ished by two independent methods. The mass spectrum of 
longicornin C exh ib i ted  a strong peak at m/z_ 228 which was assigned 
to  radical  ion 28 29 (Figure 2-6).  This required tha t  the 2-methyl- 
butanoate had to be at tached to C-9 and the 2-methyl propanoate moiety 
to  C-8. This assignment was v e r i f i e d  by the fo l low ing  chemical 
t ransfo rmat ion :  Treatment of Longicornin C with NaBH^ provided,
HO OR
m /z REL. INT.
2 2 8  33.8 R = -CCHCH2CH3
c h 3
28
214 3 .3  R= -CCHICH3)2
O
29
Figure 2-6. Mass spectral  fragment of  long icorn in  C (27).
besides the 11,13-dihydroproduct (30) (Table 2-5) ,  the reduct ion-  
rearrangement product 15, which had also been obtained from 
longicorn in  A (1) under s im i la r  condi t ions (Scheme 2-7) .  Therefore, 
t h i s  t ransformat ion not only demonstrated tha t  in 27 the 2-methyl- 
butanoate group was at tached to  C-9 and the 2-methylpropanoate moiety 
to  C-8 but establ ished unambiguously tha t  the stereochemical centers 
at C-2, C-6, C-7 and C-8 of long icorn in  C (27) are the same as 
in 1. The f a c i l e  reduct ive rearrangement of  long icorn in  C 
necessi tates a 9a-H26 and the near ly  id e n t i c a l  NMR spectral  data 
of  1 and 27 s t rong ly  suggests tha t  long icorn in  C is represented by 
s t ruc tu re  27.
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Scheme 2-7. S truc tu re  c o r re la t io n  of lo n g ic o rn in 'A  w ith  long icorn in  C.
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2.6 S tructure  e luc id a t ion  of long icorn in  D.
0
HO
Longicornin D (31),  C25H34^9* was obtained as a gum which was 
not completely f ree of a s t ruc tu ra l  analog with an an gel ate moiety 
(MS and NMR). The NMR (Figure 2-15, Table 2-5) and MS spectral  
data fo r  the medium r ing  port ion of  31 showed close s im i l a r i t i e s  wi th 
the data obtained fo r  compound 26. In add i t ion ,  the presence of  a 
2-methyl propanoate moiety and a 2-methylbutanoate group were 
suggested by the spectral  d a t a . ^  Based on the appearance o f  a MS 
peak at mjz_ 212 assigned to 32 (Scheme 2-8) and the lack of a peak at 
_m/z_ 198 i t  is suggested tha t  the 2-methylbutanoate group be attached
i iQ/002 Me o
H— v\§— o — C/CH(CH3)C2H5 
m /z  re I. int.
212 5.5HO
Scheme 2-8. Mass fragment of long icorn in  D
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to  C-9 as shown in s t ruc tu re  31. The above low reso lu t ion MS 
assignments could however not be obtained by the high resolu t ion  
MS. Therefore, the reduct ive rearrangement previously described fo r  
long icorn in  A (1) and long icorn in  C (27) was attempted with 
longicornin B (26) and long icorn in  D (31).
Reduction of long icorn in  B (26) wi th NaBĤ  under the same 
react ion condi t ions af forded 11,13-dihydrolongicorn in B (33) (Table 
2-5) as the only product in sp i te  of a twofold react ion time (Scheme 
2 .9 ) .  Due to  the lack of  m a te r ia l ,  t h i s  reaction could not be 
repeated. In order to v e r i f y  the d i f fe rence in r e a c t i v i t y  between 
long icorn in  A and B, a new co l le c t io n  of  Melampodium longicorne was 
attempted but f a i l e d .  Therefore,  p lant  mater ial  from a West Texas 
population of M_. leucanthum was obtained which provided gram amounts 
of melcanthin A (17J and melcanthin B (2) . Reduction react ions of 
these two compounds are discussed below.
Treatment of  melcanthin A (17) wi th  2.5 molar equivalents of 
NaBH4 at 0°C in methanol, af forded 11,13-dihydromelcanthin A (34) in 
q u a n t i ta t i v e  y i e l d  (Scheme 2-9, Figure 2-16, Table 2-5) ,  a reaction 
tha t  is  analogous to the reduct ion of long icorn in  B (26). On the 
other hand, melcanthin B (2) under the same reaction condi t ions 
provided exc lus ive ly  the rearrangement product 35 (Scheme 2-9, Figure 
2-17, Table 2-5) .  The react ions were monitored by TLC fo l low ing  the 
disappearance of the s ta r t i n g  mate r ia l .  Since no 11,13-dihydro­
melcanthin B was formed, i t  appears tha t  the acetate group at C-9 in 
compound 2 is  a be t te r  leaving group than the 2-methylpropanoate 
in 1 and the 2-methylbutanoate in 27. Consequently, i t  i s  possible 
that  in the reduct ion of  long icorn in  A and C, exclusive formation of























2-9. Reaction o f  long icorn in  B (26),  melcanthin A (17) 
melcanthin B (2) wi th NaBH^
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I t  is  evident from the preceeding discussion that only
compounds 1, 2, and 27, which contain a OH group at C-2, undergo the
reduct ive rearrangement. This s t rong ly  suggests that  in the
rearrangement react ions neighbor ing group p a r t i c ip a t io n  of the C-2-0H
group involves i n i t i a l  bonding of oxygen to  boron which places the
hydr ide in bonding distance to C - l ,  increasing the "e f fe c t i v e
concentra t ion"  of  the hydride at the Michael addi t ion center as
ind ica ted in Figure 2-7. This type of neighbor ing group
p a r t i c ip a t io n  was prev ious ly  described by H. C. Brown fo r  NaBĤ







Figure 2-7. Neighboring group p a r t i c ip a t io n  of  C-2-0H in reduct ive 
rearrangement react ions of c is ,c is -germacrano l ides.
In order to provide add i t iona l  support fo r  the above mechanistic 
i n t e r p r e t a t i o n , the C-2-0H group in melcanthin B (2) was protected by 
a ce ty la t ion .  As expected, reduct ion of  melcanthin B d iacetate (37) 
y ie lded  only the 11,13-dihydro product 38 (Scheme 2-10, Table 2-5) .
The study of a stereomodel allowed *H NMR assignments of H-1 a 
(2.91 ppm) and H-13 (2.20 ppm) in adduct 35. The lower f i e l d  
chemical s h i f t  f o r  H- la  is  due to the in f luence of the deshielding
e f fe c t  of the carbomethoxy group. With the help of  these f ind ings ,  
the information regarding the stereochemistry of the reduct ive 
rearrangement could be e luc idated.  As expected, the react ion of 
compound 2 wi th NaBD^ led to  the format ion of  adduct 39
Scheme 2-10. Reduction of melcanthin B diacetate wi th NaBH^.
(Scheme 2.11, Figure 2-18, Table 2-2).  Analyses of  the NMR spectrum 
of compound 39 revealed the absence of  H- la,  along with a sharpening 
of  adjacent protons.
In conclusion, the reduct ive  rearrangement is  s im i la r  to  a S^2‘ 
reaction in which the nuc leophi le  and the leaving group are both on 
the same side of  the plane of  the double bond. This type of  react ion 







Scheme 2-11. Reaction of melcanthin B w ith  NaBD^
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I t  is  evident tha t  the reduct ive rearrangement of c is ,c is -germa-  
cranol ides under mild condi t ions only occurs when there is a C-2-0H 
group present in the molecule. For those c is ,c is -cyc lodecad iens tha t  
do not contain an a l l y l i c  alcohol at C-2, an increase in the 
concentrat ion of  NaBH^ is  necessary in order to achieve the reduct ive 
rearrangement as exempl i f ied in Scheme 2-12. Reaction of melcanthin 
A (17) wi th 20 molar equivalents of  NaBH^ in methanol af fo rded,  
besides the expected 11 ,13-dihydro product 34, a mixture of  the 





C—13 OC * 3 3P  
C—13 /3 « I 41
5 25
Scheme 2.12. Reaction of melcanthin A w ith  ‘20 equ iva lents of NaBH^.




















410 C 21H 26D 2°8 410.1907 410.1908 0.1 408 - M +
310 C 16,,18n 2°6 310.1384 310.1384 0.6 308 0. R M-A
27R C 13,!M D 2°5 278.1122 278.1123 1.0 276 1.4 M-A -CH3OH
co
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The reaction of  longicorn in  D (31) wi th 20 molar equivalents of  
NaBH^ y ie lded 11 ,13-dihydrolongicorn in D (42) and a very small amount 
of  a rearranged adduct 43 (Scheme 2-13).  The NMR of compound 43 
(Table 2-5) contained signals c h a ra c te r i s t i c  of  the 2-methyl-  
propanoate group, but not of the 2-methylbutanoate. These 
observations,  along w i th  the MS analysis of compound 43 (Figure 2-8) ,  
establ ished tha t  the 2-methylbutanoate in long icorn in  D (31) is  
located at C-9 and the 2-methylpropanoate moiety at C-8. This 
completes the s t ruc tu ra l  arrangements of  the carbon skeleta of 
long icorn in  A-D.
0
20eq. N0 BH4
Scheme 2-13. Reaction of long icorn in  D w ith  20 equ iva lents of NaBH^.
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^20 ̂ 28^7 MW 380
m/z rel. int. ass.
380 0.3 M +
292 3.3 M -A H
291 1.4 M - A ,  - H 20
274 1.4 M -  AH -  H20
Figure 2-8. Mass spectral  f ragmentat ion of  compound 43.
Figure 2-9. 200 MHz NMR spectrum of 5
(CDC13 , 300 °K)
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o f  11 ,13-d ihydro long icorn in  A (1£)
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Figure 2 11. 200 MRz^H NMR spectrum of 15

















































7.0 6.0 5.0 4.0 3.0 1.02.0
onCJi
Figure 2-14. 200 MHz "'"H NMR spectrum of longicornin C (2£)
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Figure 2-15. 200 MHz NMR spectrum of longicornin D (31)
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Figure 2-16. 200 MHz NMR spectrum of 34
(CDC13 , 328 °K)
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Figure 2-17. 200 MHz 1H NMR spectrum of 35
(CDC13 , 300 °K)
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Figure 2-18. 200 MHz NMR spectrum of 3^
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Figure 2.19. 200 MHz NMR spectrum o f  40
(CDC13 , 300° K)
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Figure 2.20. 200 MHz NMR spectrum o f  41
(CDC13, 300° K)
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Figure 2.21. 200 MHz 1H NMR spectrum of
11,13-d ihydro long icorn in  D (42) (CDC13, 300°K)







T T T T
7 .0  6 .0  4 .0  3 .0  2.0 1.0
CT)U>
Figure 2-22- 50 MHz 13C NMR of longicornin A (1)
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Table 2-3 Coordinates fo r  nonhydrogen atoms in long icorn in  A.
Atom x. x 1_
01 -0.0080(1) 0.3722 1) 0.8130(
02 0.1411(2) 0.0394 2) 0.7 054(
03 0.4524(1) 0.2375 2) 0 . 6606(
04 0.5964(2) 0.2116 2) 0. 57 20(
05 0.3825(1) 0.4695 1) 0.5946(
06 0.4270(2) 0.5500 2) 0.4692(
07 0.1325(2) 0.5025 2) 0.5154(
08 -0.0319(2) 0.4510 2) 0. 5614(
09 0.2582(2) 0.6410 2) 0 .6100(
010 0.2053(2) 0.6442 1) 0.7517(
Cl 0.1407(2) 0.4585 2) 0.7487(
C2 0.0894(2) 0.3608 2) 0.7 615(
C3 0.1690(2) 0.2867 2) 0.8057(
C4 0.1923(2) 0.1998 2) 0 . 7475(
C5 0.2657(2) 0.1965 2) 0.6821(
C6 0.3410(2) 0.2755 2) 0 . 6549(
C7 0.3256(2) 0.3109 2) 0.5 561(
C8 0.2972(2) 0.4179 2) 0 . 5480(
C9 0.1832(2) 0.4446 2) 0.5853(
CIO 0.1803(2) 0.4973 2) 0.6 742(
























Atom _X _Y I
C12 0.5054(2) 0.2419(2) 0.5817(2)
C13 0.4720(3) 0.3124(3) 0.4334(2)
C14 0.2197(2) 0.6014(2) 0.6731(2)
C15 0.1187(2) 0.1146(2) 0.7652(2)
C16 0.4443(2) 0.5321(2) 0.5461(2)
C17 0.5355(3) 0.5710(2) 0.6037(3)
C18 0.6198(3) 0.4940(4) 0.6177(4)
C19 0.5853(4) 0.6601(3) 0.5626(5)
C20 0.2389(3) 0.7461(2) 0.7562£3)
C21 0.0239(2) 0.4978(2) 0.5102(2)
C22 -0.0167(4) 0.5615(4) 0.4335(3)
C23 0.0366(5) 0.5419(6) 0.3493(3)
C24 -0.1310(4) 0.5777(6) 0.4386(5)
Crystal Data:: Longicornin A, C22^32^10 , orthorhombic, space group
a = 12.278(1), b = 13.797(2), c = 14.867(2)A, Z = 4, Dc =
1.267 g cm"^., R = 0.050 f o r  2613 data having F0 >3o(F0) and 2°<0<75°,
X = 1.54184A fo r  Cu-Ka ra d ia t i o n .
Compound
Empi rical 
formula mp UV,_c_ . MeOH . , X , nm( e) max ’ ' ' CD,£
1 c24H32°10 145-147 3.94 x 1CT5 213(1.8 x 104 ) 1.9 x 10’ 4
2 C24H32°9 135-136.5 3.77 x 1CT5 207(2.1 x 104) 1.9 x 10"4
3 C25H34°10 gum 4.25 x 10-5 208(1.8 x 104) 2 .lxlO-4
4 C25H34°9 gum 4.52 x IQ-5 215(2.5 x 104) 3 .lxlO-4
Compound _n . MeOH . - „-i. CD* Xmax ’ nnl
film  -1 
v max
1 2 1 2 ( - 7 . 0 x 1 0 4 ) , 2 3 5 ( + 3 . 8 x 1 0 3 ) , 2 6 2 ( - 3 . 8 x 1 0 3 ) 3 6 1 5 , 3 5 9 5 , 3 0 1 0 , 1 7 6 0
1 7 2 5 , 1 7 1 0 , 1 2 0 0 , 1 1 3 0
2 2 0 5 ( - 6 . 5 x 1 0 4 ) , 2 1 4 ( + 6 . 0 x 1 0 4 ) , 2 3 4 ( + 1 . 4 x 1 0 4 ) 3 4 9 5 , 2 9 9 5 , 1 7 4 0 , 1 7 3 0
1 7 1 5 , 1 7 0 0 , 1 6 0 1 , 1 1 8 5 , 1 1 2 0
3 2 1 1 ( - 6 . lxlO4) , 2 3 3 ( + 5 . 9 x 1 0 3 ) , 2 5 4 ( - 3 . 5 x 1 0 3 ) 3 4 9 5 , 3 0 0 0 , 1 7 5 5 , 1 7 0 5
1 6 4 5 , 1 2 1 0 , 1 1 2 5
4 2 0 9 ( - 3 . 9 x 1 0 4 ) , 2 3 1 ( + 1 . 8 x 10 4 ) , 2 6 5 ( - 7 . 8 x 1 0 2 ) 3 6 0 0 , 3 0 0 0 , 1 7 5 5 , 1 7 0 5
1 6 3 5 , 1 2 0 5 , 1 1 3 0
Table 2-4.  Physical data o f  long ico rn in  A-D.
Table 2-5. 1H NMR Spectral Data3  of  Longicornin A-D and Melcanthin 
A-B and Related Compounds.
As si gnment 1 5
H-1 7.21 d (7.0) 7.29 d (7.0)
H-2 4.77 br 4.49 br
H-3a 2.81 dd (15.0,  5.0) 2.91 d (15.0)
H-3b 2.53 d (15.0) 2.68 dd (15.0,  4.0)
H-5 7.74 d (9.5) 6.80 d (9 .0)
H- 6 5.20 dd (9.5,  7.0) 5.39 d (9.0)
H-7 3.16 m 3.24 m
H- 8 5.86b .5.96 d (6.5)
H-9 5.63 d (4.0) 5.46 d (6.5)
H-13a 6.41 d (3.0) 6.50 d (3.0)
H-13b 5.86 d (3.0) 6.30 d (3.0)
H-15 4.33 d (3.5) 9.56
C02Me 3.70 3.71
H-21 2.60 h (7.0) 2.45 h (7.0)
H-2" 2.40 h (7.0) 2.57 h (7.0)
C-2'Me 1.11 d; 1 .15d 1.11 d; 1.13 d
(7.0) (7.0)
C-2"Me 1.02 d; 1.07 d 1.06 d 1.07 d
(7.0) (7.0)
aSpectra were run at  300 K in CDCI3  at  200 MHz, and Me^Si was used 
as in te rna l  standard.  Values are recorded in parts per m i l l i o n  
r e la t i v e  to  Me^Si. S ing le ts  are unmarked and m u l t ip le t s  are 
designated as fo l lows :  d, doublets;  t ,  t r i p l e t ;  q, qua r te t ;  p, 
pentet ;  h, heptet ;  m, m u l t i p l e t  whose center is  given; br ,  broad. 
Figures in parentheses are coupling constant or l i n e  separation in 
her tz .  j
“ Obscured by other s igna ls .  cRun at 328 K.
348 K. eRun in benzene d- 6  at 298.
Run in benzene d- 6  at
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Table 2-5 continued
As si gnment 14c 15c
H - l /H -1 1 7.07 d (7.0) 3.02 dd/2.19dd
(12.5,  3.0)
H-2 4.55 brm 3.78 brm
H-3a 2.82 db 2.94 dd (15.0,  6.0)
H-3b 2 . 28b 2.27 d (15.0)
H-5 5.75 d (10.0) 5.56 d (10.0)
H- 6 5.23 dd (10.0,2 .0) 5.38 d (10.0, 3.0)
H-7 b 2.68 dt (11.0,  3.0)
H- 8 5.64 6.03 dd (5.0,  3.0)
H-9 5.49 6.15 d (5.0)
H-15 4.22 4.11
C0zMe 3.74 3.76
H-2' 2.48 h (7.0) 2.6 h (7.0)
H-2" 2.33 h (7.0) —
C-2'Me 1.16 d; 1.15 d 1.18 d; 1.19 d
(7.0) (7.0)
C-2"Me 1 . 1 2  d; 1 . 1 1  d
(7.0)
H-11 2.82 dq 2.82 dq (11.0,  7.0)
C-llMe 1.09 d (7.0) 1.21 d (7.0)
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Table 2-5 continued
As si gnment 16° 26
H-1 7.01 d (8.0) 7.16 dd (8.0)
H-2 4.95 brm 2.43-2.90b
H-3a 2.60 d (16.0) 2.80 dd (17 .0 ,9 .0 )
H3b 1.90 dd (16.0,  4.0) 2.43-2.90b
H-5 3.19 d (10.0) 5.-65 d (10.0)
H- 6  4.42 dd (10.0,  5.0) 5.46 dd (10.0,  5.0)
H-7 3. 39 brs 3.12 rn
H- 8  5.72 5.80 dd (4.5 ,  2.5)
H-9 5.72 6.02 d (4.5)
H-13a 6.45 d (3.0) 6.35 d (2.9)
H-13b 5.95 d (3.0) 5.77 d (2.9)
H-15 4.06 d; 3.82 d (13.0) 4.13 br
C02Me 3.70 3.72
H-2' 2.62 h (7.0) 2.59 h (7.0)
H-2" 2.39 h (7.0) 2.4 h (7.0)
C-2'Me 1.18 d; 1.15 d (7.0) 1.16 d; 1.19 d (7.0)




— ..... .'N./V »VA.
H-1 7.25 d (6.5) 7.10 d (9.0)
H-2 4.80 brm 4.58 brm
H-3a 2.81 dd (15.0,  5.0) b
H-3b 2.62 d (15.0) b
H-5 5.75 d ( 1 0 . 0 ) 5.74 d (10.0)
H- 6  5.22 dd (9 .5,  7.0) 5.24 dd (10.0,  3.0)
H-7 3.16 m 2.68 ddd (11.0,  3.0,
2.0)
H- 8  5.88b 5.66 d (2.0)
H-9 5.67 d (4.0) 5.51
H-13a 6.42 d (3.5)
H-13b 5.90 d (3.5)
H-15 4.36 br 4.24
C02Me 3.70 3.72
H-21 2.41 h (7.0) 2.44 h (7.0)
H-2" 2.45 h (7.0) 2.45 q (7.0)
H-3" 1.55 m 1.55 m
C-2'Me 1.08 d; 1.13 d (7.0) 1.16 d; 1.14 d (7.0)
C-2"Me 1.05 d (7.5) 1.09 d (7.0)




H-1 7.19 dd (9.0)
H-2 —
H-3a 2.90-- 2 .30b
H-3b —
H-5 5.67 d ( 1 0 . 0 )
H- 6 5.44 dd (10.0,  4.5)
H-7 3.13 m
H- 8 5.81 dd (4.5,  2.5)
H-9 6.03 d (4.5)
H-13a 6.35 d (3.0)
H-13b 5.79 d (3.0)
H-15 4.14 br
C02Me 3.71
H-2' 2.40 h (7.0)
H-2" 2.43 m (7.0)
H-3" 1.57 m (7.0)
C-2'Me 1.07 d; 1.16 d (7.0)
C-2"Me 1.03 d (7.0)
C-3"Me 0 . 8 6 t  (7.0)










2.67 dd (9 .5,  2.0)






1.21 d; 1.19 d (7.0)
1.14 d; 1.12 d (7.0)




As si gnment 34c
H-1
a. rv.
6.96 t  (9.0)
H-2 3 . 21b
H-3a 2. 5 -2 .2b
H-3b b
H-5 5.67 dd (10.0,  1.0
H- 6 5.80 brd (10.0)
H-7 2.65 brd (9.8)





H-3' 6.15 qq (7 .0,  1.5)
C-2' CH3 1.82 dq (2.0,  1.5)
C-3'CH2 2.01 dq (7.0,  2.0)
H-2" —
C-2"Me —
H - l l 2.92 dq (9.8,  7.0)
C-llMe 1.08 d (7.0)
OAc 2 . 1 0
42














0.90 t  (7.0) 
b
1.18 d; 1.15 d (7.0) 




As si gnment 35
H-la 2.91 dd ( 1 1 . 0
H-lb 2 . 2 0 t  ( 1 1 . 0 )
H-2 3.77 mb
H-3a b
H-3b 2.28 d (14.0)
H-5 5.57 d (9.0)
H- 6 5.42 dd (9.0,
H-7 2.60 dt (10.5
H- 8 6.03 dd (5.0,
H-9 6.28 d (5.0)
H-15a 4.11 d (13.3)
H-15b 4.01 d (13.3)
C02Me 3.77
C-17Me 1.87 dq ( 1 . 8 ,
H-18 6 . 2 2 qq (7.0,
C-18Me 2 . 0 2 dq (7.0,
H - l l 2.78 dq (10.5






2.94 dd (15.0, 6.5)
2.28 d (15.0)
5.53 d (1 0 . 0 )
2.5) 5.42 dd ( 1 0 . 0 , 2.5)
2.5,  2.5) ' 2.70 dt (11.5, 2.5
2.5)
2.5) 6.05 dd (5.5, 3.0)
6.27 d (5.5)
4.12 d ( 1 2 . 0 )
4.02 d ( 1 2 . 0 )
3.77
1 . 0 ) 1 . 8 6 m
1 . 0 ) 6.23 qq (7 .0, 1.3)
1 . 8 ) 2 . 0 2 dq (7.0, 2 . 0 )
7.0) 2 . 8 dt (11.5, 7.0)
1 . 2 2 d (7.0)
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Table 2-5 continued
As si gnment 37 38
H-1 6.41 d ( 2 . 8 ) 6.94 d (10.0)
H-2 5.19 brm 5.31 br dd (10.0,3.
H-3a 2.89 brd (15.2) b
H-3b 2.58 d (15.2) b
H-5 5.85 brd (10.5) 5.81 d (10.7)
H- 6 5.63 brd (10.5) 5.29 dd (10.7,1 .0)
H-7 3.34 2.26 dd ( 1 0 . 0 , 1 . 0 )
H- 8 5 .94b 5.86 brs
H-9 5.73 brs 5.6 brs
H -11 — 2.85 dq (10.0,  7.0)
H-15a 4.78 d (14.0) 4.6 brs
H-15b 4.65 d (14.0) —
co2 ch3 3.64 3.67
C-2'Me 1.96 dq (7.5 ,  1.5) 2.04 m
C-3'H 6.15 qq (7 .5 ,  1.3) 6.19 qq (7 .3,  1.3)
C-3'Me 1.76 b
C-llMe — 1.13 d (7.0)
OAc 2 . 2 0 2.08, 2.09, 2.12
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Table 2-5 continued
As si gnment 40 41
H - l /H -1 1 b b
H-2/H-21 b b
H-3/H-3' b b
H-5 5.52 4.48 brd ( 1 0 . 0 )
H- 6 5.52 • 4.85 t ( 1 0 . 0 )
H-7 2.79 dt (1 1 . 0 , 2 . 0 , 2 . 0 ) 2.32 ddd (10.0,  7.5
7.0)
H- 8 6.08 dd (5.0, 2.5) 5.83 dd (10.5,  7.0)
H-9 6.14 d (5.0) 6.89 dd (10.5,  1.0)
H-15a 3.99 3.72 dd (14.5,  1.0)
H-15b — 3.62 dd (14.5,  1.0)
C02Me 3.76 3.39
C-17Me 1 . 8 8  m 1.75 m
H-18 6 . 2 1  qq (7.5, 2 . 0 ) 5.77 qq (7 .5,  1.5)
C-18Me 2.03 dq (7.5, 1.3) 1.93 dq (7.5,  1.5)
H - l l 2.89 dq ( 1 1 . 0 , 7.0) 2.67 P
C-llMe 1.24 d (7.0) 1.33 d (7.5)
Table 2-6. NMR spectra* of  longicornin A (1) and




3 39.2 I t 25 .74ta
4 124.93 128.03
5 124.64d 123.37d




1 0 141.91 143.31
1 1 133.18 134.00
1 2 176.88 176.01






C1 7 (2Me) 19.13-18.35q 18.93-18.06q
OCH3 51.77q 51.68q
*Run at 50.00 MHz in CDCI3  on a Bruker WP-200 instrument wi th CDCI3  
as in te rna l  standard. Values are in ppm. Unmarked signa ls  are 




The fo l low ing  general izat ion may be made about equipment and 
condi t ions wi th regard to data presented in t h is  sect ion:
_IR_ spectra were obtained on a Perkin Elmer 621 In frared 
Spectrophotometer;
CD spectra were run on a Durram-Jasco J-20 Spectrophotometer 
using methanol as solvent ;  theta values f o r  wavelengths below 2 2 0  nm 
bear great uncerta in ty  due to  l i g h t  absorption by the solvent,  
although the signs of the Cotton e f fec ts  remain ce r ta in ;
UV spectra were recorded on a Cary-14 Recording 
Spectrophotometer using methanol as solvent;
Mel t ing points were determined on a Thomas Hoover Cap i l la ry  
Melt ing Point Apparatus and are uncorrected;
N,MR spectra were recorded on a Bruker WP 200 Four ier  Transform 
NMR Spectrometer at 200 MHz; condi t ions are presented with ind iv idua l  
da ta ;
Mass spectra were obtained on a Hewlett Packard 5895 GCMS at 70 
eV, source temperature 200°C; samples were introduced via d i rec t  
i n l e t  probe;
HRMS data were obtained on a VARIAN MAT 711 instrument.
Melampodium longicorne was co l lec ted  on September 23, 1976 in
Pima County, Ar izona, 3 miles west of  Highway 83 or 2 miles north of
G re a te rv i l le  (R. Hartman and V. Funk No. 4385; voucher at OS; USA).
Dried leaves 130 g were extracted and worked up as prev ious ly  
??descr ibed, provid ing 1 . 1 2  g of  crude syrup which was chromato­
graphed over 60 g of  Si-gel  using Et 2 0 -pe t ro l  fo l lowed by mixtures of 
Et 2 0 -Me2 C0  wi th increasing p o l a r i t y ;  45 f rac t io ns  of 50 ml were taken
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and a l l  f rac t ions  were monitored by TLC.
Fract ions 16-20 (134 mg) contained a mixture of  26 and 31. 
Chromatography by PLC using a mixture of  E t 2 0 -pe t ro l  (3:1) y ie lded 48 
mg of  26 and 22 mg of  31 which was s l i g h t l y  contaminated with an 
u n id e n t i f i e d  analog containing an angelate group. Fract ions 21-24 
gave 26 (44 mg) which was rec rys ta l  1ized from EtOAc. Fract ions 25-28 
(53 mg), a f te r  chromatography by PLC using a mixture of Et 2 0-petro l  
(85:15) af forded 24 mg of pure 27. Fract ions 29-35 gave 189 mg of 
pure 1 which was c r y s ta l l i z e d  from EtOAc to be gsed f o r  X-ray 
analysi s.
Longicornin A (1) MS 70 eV _m/z_ [ r e t .  i n t . ] :  480 [ - ,  M], 392 
[0 .2 ,  M-H02 CCH(CH3)2] ,  321 [0 .1 ,  M -H02 CCH(CH3 ) 2  - 0CCH(CH3)2] ,  304 
[1 .5 ,  M-2H02 CCH(CH3) 2] ,  286 [1 .6 ,  M -2H02 CCH(CH3 ) 2  -  H2 0 ] ,  272 [3 .0 ,  
M-2H02 CCH(CH3 ) 2  -CH3 0H], 254 [2 .4 ,  M -H02 CCH(CH3 ) 2  -CH3 0H -H2 0 ] ,  71 
[100, 0CCH(CH3) 2] ,  43 [53.4 ,  CH(CH3) 2] .  [Calcd.  fo r  C2 4 H3 2 01Q: 
480.1992. Found: 480.2022]; NMR, see Table 2-5; Other physical data,  
see Table 2-4.
Longicornin B (26) ,  MS 70 eV _m/z_ [ r e l . i n t . ] :  464 [ - ,  M], 376 
[0 .6 ,  M-H02 CCH(CH3) 2] ,  305 [1 .0 ,  M -H02 CCH(CH3 ) 2  -  0CCH(CH3) 2] ,  288 
[4 .9 ,  M-2H02 CCH(CH3) 2] ,  71 [100, 0CCH(CH3) 2] ,  43 [62.1 ,  CH(CH3) 2] .  
[Calcd.  f o r  C2 4 H3 2 0^q: 464.2043. Found: 464.2025]. NMR, see Table 
2-5; other physical data,  see Table 2-4.
Longicornin C (27) ,  MS 70 eV m/z_ [ r e l .  i n t . ] :  494 [ - , M ] ,  392 
[0 .4 ,  M -H02 CCH(CH3 ) (C2 H5) ] ,  321 [0 .3 ,  M -H02 CCH(CH3 ) (C2 H5) - 
0CCH(CH3) 2] ,  304 [4 .5 ,  M -H02 CCH(CH3 )(C2 H&) -H02 CCH(CH3) 2] ,  286 [4 .9 ,  
M -H02 CCH(CH3 )-0CCH(CH3 )(C2 H5) ] ,  71 [100, 0CCH(CH3)2] ,  57 [ 8 8 . 8 , 
CH(CH3 ) (C2 H5) ] ,  43 [64 .8 ,  CH(CH3) 2] ;  Cl ( isobutane) m/z_ 495 (M+l).
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NMR, see Table 2-5; Other physical data,  see Table 2-4.
Longicornin D (31), MS 70 eV m/z_ [ r e l .  i n t . ] :  478 [ - ,  M], 390 
[0 .4 ,  M-H02 CCH(CH3) 2] ,  376 [0 .9 ,  M-H02 CCH(CH3 ) (C2 H5) ] ,  305 [2 .0 ,  M- 
H02 CCH(CH3 )(C2 H5) -  0CCH(CH3) 2] ,  288 [7 .5 ,  M-H02 CCH(CH3 )(C2 H5) - 
H02 CCH-(CH3) 2] ,  85 [71.5,  OCCH(CH3 ) (C2 H5) ] ,  71 [ 1 0 0 , 0CCH(CH3) 2] ,  57 
[ 8 8 . 8 , CH(CH3 )(C2 H5) ] .  [Calcd.  fo r  C2 5 H3 4 0g: 478.2203. Found (MS) 
478.2204]. NMR, see Table 2-5; Other physical data,  see Table 2-4.
Oxidation of long icorn in  A (1) wi th Pyr id in ium chiorochromate 
(PCC). To a suspension of  91 mg of  PCC in 2 ml of dichloromethane,
50 mg of long icorn in  A was added. The mixture was s t i r r e d  at RT and 
monitored by TLC. A f te r  one hour the reaction product was worked up 
to give 9.1 mg of  aldehyde (5):  MS 70 eV _m/z_ [ r e l . i n t . ] :  478 [ - ,  M], 
390 [0 .6 ,  M-H02 CCH(CH3) 2] ,  319 [0 .3 ,  M.-H02 CCH(CH3 ) 2  - 0CCH(CH3) 2] ,  
302 [2 .7 ,  M-2H02 CCH(CH3 ) 2] ,  284 [1 .6 ,  M -2H02 CCH(CH3 ) 2  -H2 0 ] ,  270 
[ 6 . 6 , M-2H02 CCH(CH3 ) 2  -CH3 0H], 252 [1 .4 ,  M -2H02 CCH(CH3 ) 2  -CH3 0H 
-H2 0 ] ,  71 [100, 0CCH(CH3) 2] ,  43 [42.0,  CH(CH3) 2] ,  Cl ( isobutane) m/z_ 
479 [M+l] .
NaBH/]-Reduction o f  long icorn in  A. To a so lu t ion of  50 mg of 
long icorn in  A in 10 ml of  dry MeOH at 0°C was added 9.6 mg of 
NaBH^. The mixture was s t i r r e d  fo r  45 minutes, a f t e r  which i t  was 
neu t ra l ized  with a 5% aqueous hydroch lor ic  acid and evaporated to 
dryness. Water was added, the so lu t ion was ex tracted with 
chloroform, washed wi th  H20 and dr ied over CaC12. The o i l y  residue 
was separated by PLC [EtOAc-petrol  ( 3 :1 ) ] .  The band with R^=0.33 
gave 17.7 mg of  l lgH ,13 -d ihydro long icorn in  A (14) and the band with 
Rf =0.2 provided 22 mg of  15.
l l g , 13-Di hydro! on gi corn in A (14),  C2 4 H3 4 0^g, IR cm"^: 3565
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and 3500 (OH), 1780 ( y - lac tone ) ,  1760, 1740, 1730 (es te rs ) ;  MS 70 eV 
m/z ( r e l .  i n t . ) :  482 [ - ,M ] ;  306 [2 .2 ,  M -2H02 CCH(CH3) 2] ,  288 [2 .1 ,  M- 
2H02 CCH(CH3 ) 2  -H2 0 ] ,  274 [5 .1 ,  M -2H02 CCH(CH3 ) 2  -CH3 0H], 256 [4 .4 ,  M- 
2H02 CCH(CH3 ) 2  -CH3 0H -H2 0 ] ,  71 [98 .9 ,  0CCH(CH3) 2] ,  43 [100,
CH(CH3) 2] .  Cl ( isobutane) m/z_ 483 (M+l).
Rearrangement product (15), CggHggOg, IR cm- 1 : 3590 and
3485 (OH), 1770 ( y - lac tone ) ,  1735 and 1710 (es te rs ) ;  MS 70 eV m/z_ 
[ r e l .  i n t . ] :  396 [ - ,  M], 308 [1 .8 ,  M -H02 CH(CH3) 2] ,  290 [2 .1 ,  M 
-H02 CCH(CH3 ) 2  -H2 0 ] ,  272 [1 .8 ,  M -H02 CCH(CH3 ) 2  -2H2 0 ] ,  240 [2 .0 ,  M 
-H02 CCH(CH3 ) 2  -2H20 -CH3 0H], 71 [88.0 ,  0CCH(CH3) ] ,  43 [100,
CH(CH3) 2] .  [Calcd.  f o r  C2 [)H2 gOg: 396.1784. Found (MS) 396.1789].
Epoxidation of  long icorn in  A (1).  To 89 mg of  1 in 5 ml of 
dichloromethane was added a solut ion of 56 mg of  m-chloroperbenzoic 
acid dissolved in 1 ml of  d ichl  oromethane. A f te r  48 hrs,  5 ml of  a 
10% so lu t ion  of NaHCOg were added. Usual work-up provided an o i l y  
residue which was separated by PLC (Et0Ac-Et2 0, 1 :1) .  The f rac t ion  
wi th a Rf=0.33 was unreacted 1 (21 mg) and the band with R^=0.27 gave 
12.2 mg of  4,5-epoxylongicornin A (16) ,  £24^32^11’ IR ' v ^ m cm"*:
3600 (OH), 1770 ( y - lac tone ) ,  1750 and 1730 (es te rs ) ;  MS 70 eV m/z_ 
[ r e l .  i n t . ] :  496 [ - ,  M],  337 [0 .3 ,  M -H02 CCH(CH3 ) 2  -  0CCH(CH3) 2] ,  320 
[1 .1 ,  M-2H02 CCH(CH3) 2] ,  302 [1 .8 ,  M -2H02 CCH(CH3 ) 2  -H2 0] ,  288 [3 .7 ,  
M-2H02 CCH(CH3 ) 2  -CHgOH], 270 [3 .4 ,  M -2H02 CCH(CH3 ) 2  -CH3 0H -H2 0 ] ,  71 
[100, 0CCH(CH3) 2] ,  43 [52 .2 ,  CH(CH3) 2] .  Cl ( isobutane) m/z. 497 (M+l).
NaBH/]-Reductin of  long icorn in  C by the procedure as described 
fo r  long icorn in  A: 16 mg of 27 af forded 3 mg of  15 and 1.7 mg of  30.
NaBH/|-reduction o f  long icorn in  B, long icorn in  B ( 8 6  mg) af forded 
55 mg of  113,13-d ihydro long icomin  B (33) ,  C^Hg^Og; IR cm"*:
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3635 (OH), 1770 ( y - lac to ne ) ,  1750 (es te rs ) ;  MS 70 eV jn/z_ ( r e l .  i n t . ) :  
466 [0 .2 ,  M], 378 [0 .5 ,  M -H02 CCH(CH3) 2] ,  307 [1 .0 ,  M -H02 CCH(CH3 ) 2 - 
0CCH(CH3) 2] ,  290 [2 .8 ,  M -2H02 CCH(CH3) 2] , 272 [1 .8 ,  M -2H02 CCH(CH3 ) 2  
-H2 0 ] ,  240 [1 .4 ,  M -2H02 CCH(CH3 ) 2  -H20 -CH3 0H], 71 [100, 0CCH(CH3) 2] ,  
43 [67 .0 ,  CH(CH3) 2] .  Cl ( isobutane) m/z_ 457 (M+l).
NaBH/j-Reduction of  melcanthin A by the procedure as described 
f o r  long icorn in  A: 200 mg of  17 af forded 182 mg of  11 e-H, 13-dihydro- 
melcanthin A (34).
l lg-H,13-Dih.ydromelcanthin A (34),  C2 3 H3 g0g; IR ^ ^ 3  cm“ *:
3640 and 3540 (OH), 1765 (y-1actone) , 1720 (es te rs ) ;  MS 70 eV m/z 
( r e l .  i n t . ) :  450 [0 .3 ,  M], 408 [0 .3 ,  M -C2 H2 0 ] .  390 [0 .4 ,  M
-H02 CCH3] ,  307 [0 .5 ,  M -H02 CC(CH3 )CHCH3  - OCCHg], 290 [1 .2 ,  M 
-H02 CC(CH3 )CHCH3  -H02 CCH3] ,  83 [100, 0CC(CH3 )CHCH3] ,  55 [38.1,  
C(CH3 )CHCH3] ,  .43 [20 .3 ,  OCCHg].
Reduction of  melcanthin A with 20 equivalents of  NaBH/j: to  a 
so lu t ion of 103 mg of melcanthin A in 10 ml of dry methanol at 0°C 
was added 175 mg of NaBH^. The mixture was allowed to  react f o r  10
min, a f t e r  which i t  was neu t ra l ized  with a 5% so lu t ion of
hydroch lo r ic  acid and evaporated to  dryness. Water was added, the 
so lu t ion  was extracted wi th  dichloromethane, washed with H2 0  and 
dr ied over CaC12. The o i l y  residue was separated by PLC (2 runs) 
[EtOAc-CgH-^ (75 :25 ) ] .  The band with Rf=0.31 gave 32 mg of 113H,13- 
di hydromelcan th in  A (34) ,  the band at  R^=0.64 gave 6.5 mg of  41, and
the band at R^=0.51 gave 21.7 mg of  40.
rH f i  1
Rearrangement product (40),  C^Hj^gOy, IR 3 cm : 3575 (OH), 
1770 ( y - lac to ne ) ,  1720 (es te rs ) ;  MS 70 eV m /z_( re l .  i n t . ) :  392 [0 .1 ,  
M], 292 [0 .8 ,  M -H02 CC(CH3 )CHCH3]', 83 [100, 0CC(CH3 )CHCH3] ,  55 [16.4,
84
C(CH3 )CHCH3] .  [Calcd.  fo r  C2 1 H2 g07: 392.1833. Found (MS) 392.1852].
Rearrangement product (41), C2 1 H2 g0y, IR vmax^ cm"'*':3655 and 
3520 (OH), 1780 ( y - lac tone ) ,  1720 (es te rs ) ;  MS 70 eV m/z_ ( r e l .  i n t . ) :
392 [0 .2 ,  M], 374 [0 .2 ,  M -HgO], 292 [1 .0 ,  M -H02 CC(CH3 )CHCH3] ,  83 
[100, 0CC(CH3 )CHCH3] ,  55 [19 .5 ,  C(CH3 )CHCH3] .  [Calcd. fo r  C2 1 H2 8 07: 
392.1833. Found (MS) 392.1844.
NaBH/j- Reduction o f  melcanthin B by the procedure described fo r  
long icorn in  A: 200 mg of  32 af forded 99 mg of 35.
Rearrangement product (35), C^HggOg; IR v j j ^ *  3 cm- '*': 3640 and 
3470 (OH), 1770 ( y - lac to ne ) ,  1710 (es te rs ) ;  MS 70 eV ( r e l .  i n t . ) ;  see 
Table 2-2.
NaBD/|- Reduction of  melcanthin B by the procedure described fo r  
long icorn in  A: 100 mg of  32 af forded 87 mg of 39.
Rearrangement product (39),  C2 ^H2 gD2 0g; IR 3 cm- *': 3640 and 
3460 (OH), 2424 (C-D), 1775 (y - lac to ne ) ,  1715 (es te rs ) ;  MS 70 eV m/z 
( r e l .  i n t . ) :  see Table 2-2. [Calcd.  fo r  C2 1 H2 gD2 0g: 410.1907. Found 
(MS) 410.1908].
Reduction o f  long icorn in  D with  20 equivalents of  NaBH/j as 
described fo r  melcanthin A: 20 mg of 31 af forded 5.1 mg 11S-H,13- 
di hydrolongicom in D (42) and less than 1 mg of  43.
l lB-H,13-Dihydro1ongicornin D (42), C2 gH3 g0g; IR ^ ^ 3  cm- *".
3540 (OH), 1770 ( y - lac to ne ) ,  1740 (es te rs ) ;  MS 70 eV_m/z_(rel.  i n t . ) :
480 [0.2, M], 392 [0.2, M -HOgCCH(CH3)2] , 378 [0.7, M 
-H02CCH(CH3)C2H5] ,  307 [2.5, M -H02CCH(CH3)C2H5 - 0CH(CH3)2] ,  290 
[5.1, M -H02CCH(CH3)2 -H02CCH(CH3)C2H5] ,  85 [100, 0CCH(CH3)C2H5] ,  71 
[88.0, 0CCH(CH3)2] ,  57 [85.9, CH(CH3)C2H5] ,  43 [39.8, CH(CH3)2] .
Rearrangement product (43) ,  C2 gH2 g07; MS 70 eV m/z ( r e l .  i n t . ) :
85
see Figure 2-8.
Acety la t ion of  melcanthin B: to  a 200 mg so lu t ion of  melcanthin 
B in 3 ml of  AC2 O at room temperature was added 3 ml of pyr id ine .
The so lu t ion was s t i r r e d  fo r  30 minutes a f t e r  which, the solut ion was 
evaporated to dryness. Dichioromethane was added, and i t  was washed 
2 times with a saturated so lu t ion  of  NaHC03. The dichioromethane 
so lu t ion  was dr ied over Na2 S0 ^ and evaporated to  y ie ld  204 mg of 
melcanthin B diaceta te 37.
Melcanthin B diaceta te  (37) ,  £27^*32^12’ ^  vmax^ c,n~^: broad 
band 1770-1720 (y - lactone and es te rs ) ;  MS 70 eV _m/z_ ( r e l .  i n t . ) :  548 
[0 .6 ,  M], 488 [2 .9 ,  M -H02 CCH3] ,  446 [1 .0 ,  M -H02 CCH3  -C2 H2 0 ] ,  406 
[1 .0 ,  M-H02 CC(CH3 )CHCH3  -C2 H2 0 ] ,  386 [1 .4 ,  M -2H02 CCH3  -C2 H2 0] ,  364 
[2 .4 ,  M-H02 CC(CH3 )CHCH3  - 2 0 2 ^ 0 ] ,  346 [3 .6 ,  M -H02 CC(CH3 )CHCH3  
-H02 CCH3  -C2 H2 0 ] ,  328 [2 .7 ,  M -H02 CC(CH3 )CHCH3  -2H02 CCH3] ,  286 [14.7,
M -H02 CC(CH3 )CHCH3  -2H02 CCH3  -C2 H2 0 ] ,  268 [9 .0 ,  M -H02 CC(CH3 )CHCH3  
-3H02 CCH3] .
NaBH/|Reducti on of  melcanthin B di acetate by the procedure as 
described fo r  long icorn in  A: 150 mg of compound 37 af forded 59 mg 
of  38.
l lB-H,13-Dihydromelcanthin B diaceta te (38),
IR v ^ ^ 3  cm"'*’ : broad band 1780-1710 (y- lac tone and es te rs ) ;  MS 70 eV max v '
m/z_ ( r e l .  i n t . ) :  550 [0 .3 ,  M], 490 [0 .7 ,  M -H02 CCH3] ,  390 [0 .3 ,  M 
-H02 CC(CH3 )CHCH3  -H02 CCH3] ,  306 [3 .2 ,  M -H02 CC(CH3 )CHCH3  -H02 CCH3  
-C2 H2 0 ] ,  270 [2 .7 ,  M -H02 CC(CH3 )CHCH3  -3H02 CCH3] .
Chapter 3
THE STRUCTURE AND CHEMISTRY OF NEW SESQUITERPENE LACTONES FROM 




The genus Polyrmia is  comprised of  several species, a number of 
which have been chemically examined as summarized in Table 3.1.  The 
most t yp ica l  sesquiterpene lactone found in t h is  genus is  of  the 
melampolide type with one eudesmanolide sesquiterpene lactone found
QQ
in P. laevigata Beadle. The re inves t iga t ion  of  several co l lec t ions  
o f  Polymnia maculata Cav. was undertaken to obtain one of the most 
common cons t i tuen t  in t h i s  genus, the melampolide enhydrin (50). 
During the course of these s tudies,  a co l lec t ion  (Stuessy 4045) from 
the State of  San Luis P o tos i , Mexico, contained as the major 
c ons t i tuen t ,  the known leucantho l ide ,  melampodin D (53) which had 
prev ious ly  been iso la ted  from Melampodium argophy11um. ^  Examination 
of  the crude syrup revealed the presence of a new c is ,c is -germa-  
cranol ide and other sesquiterpene lactones which would not be fu r th e r  
i d e n t i f i e d  because of l im i te d  amount of mate r ia l .
The occurence of 1eucanthol ides and c is ,c is -germacranol ides in 
Polymnia maculata c o n s t i t u te  the f i r s t  example of  these ske leta l  
types in t h i s  genus. I t  is important to  note,  however, tha t  t h i s  
f i n d in g ,  al though unprecedented, does corroborate the pos i t ion of
OO
t h i s  genus in the subt r ibe Melampodiinae. The chemistry of the 
subt r ibe  Melampodiinae is  very complex, and the occurrence of 
leucanthol ides and c is ,c is -germacrano l ides is not very common. In 
f a c t ,  they represent less than 15% of the known sesquiterpene lactone 
found in t h i s  subt r ibe .
The s t ruc tu re  e luc ida t ion  of the new c is ,c is -germacrano l ide  and 
i t s  co r re la t ion  wi th melampodin D (53) were establ ished mainly by 
spectroscopic methods as well  as chemical t ransformat ions .
Table 3.1 Sesquiterpene Lactones in Polymnia (= Smal1anthus)a 
Species Compound Type*
8 8
P. maculata Cav. 44,52b GM A =
P. maculata var. maculata 45-47 GM
P. uvedal ia (L.)E. 48 50 GM B =
P. laevigata  Beadle 51 EU
Smallanthus repar ius 45 GM C =
S. siegesbeckia 45 GM
P. canadensis L. No lactones D =
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3.2 Structu re e luc ida t ion  of  9-desacetoxymelcanthin F.
70 9
HO
9-Desacetoxymelcanthin F (52) was a gum w^th IR anc*
1
NMR signals typ ica l  of  a sesquiterpene lactone. The 200 MHz H NMR 
spectrum of 52 (Figure 3-1,  Table 3-4) exh ib i ted two one proton 
doublets at 5.68 ppm (H-13a, jJ_=2.5 Hz) and 6.33 ppm (H-13b, _J=2.8 Hz) 
along with a broad m u l t i p l e t  at 2.79 ppm (H-7) that  are 
c h a r a c te r i s t i c  of  a , 3 -unsaturated y- lactones. Bands in the IR at 
1765 cm"'*' ( y - lac tone ) ,  and 3600 cm- 1  (OH) were also observed. Double 
i r r a d i a t i o n  experiments were usc:d to  determine the posi t ion of  the 
medium r ing protons. Upon i r r a d ia t i o n  of the m u l t ip le t  at 2.79 ppm, 
not only did the doublets corresponding to  H-13a and H-13b co l lapse,  
but in add i t ion ,  the s ignal  at 4.81 ppm (J_=10.0, 7.0,  3.0 Hz) 
s im p l i f i e d  to a doublet of  doublets which was assigned to  H-8 . 
Saturat ion of  H- 8  caused the col lapse of two up f ie ld  protons at 2.95 
ppm (J_=14.0, 7.0, 1.3 Hz) and 2.60 ppm (J_. = 14.0, 10.0 Hz) which were 
assigned to H-9a and H-9b respec t ive ly .  The presence of a methylene 
moiety at C-9 was in agreement wi th  the above assignment.
The signals due to  H-5 and H- 6  at 5.51 ppm represented a second- 
order pattern which was c le a r l y  resolved in to  a doublet of doublets 
at  5.51 ppm (H-5, J_=10.0, 1.0 Hz) and another doublet of  doublets at
downf ield signal at 6.81 ppm (J j  2a=—l  2 b=^ , ^ > — 1 9 a=^*^ was 
assigned to  H - l .  The r e l a t i v e l y  low chemical s h i f t  of  H-l suggested a 
c is  1-10 double bond with  H- l being cis  to the carbomethoxy
by the m u l t i p l i c i t y  observed fo r  H - l .  The presence of an a l l y l i c  
alcohol at C-15 was evident from the occurence of  a two-proton 
s in g le t  at 4.01 ppm, which upon oxidat ion wi th 2 ,2 -b ipy r id in ium  
chiorochromate gave the aldehyde 54 as i l l u s t r a t e d  in Scheme 3.1 
(Table 3-4) .  The chemical s h i f t  of the aldehyde proton at  9.38 ppm.
o n
confirmed the presence of a 4-c is-double bond.
Scheme 3.1 Oxidation of  9-desacetoxymelcanthin F (52)
Mass spectral  peaks at  _m/z_ 85[84.1,COCCH(CH3)(C2H0)] and _m/z_ 
5 7 [ 1 0 0 ,CH(CH3 ) (C2 H^)]^^ along wi th  a t r i p l e t  at 0.88 ppm (C-18-Me, 
J_=7.0 Hz), doublet  at 1.07 ppm (C-17-CH3, _J = 7.0 Hz), and a m u l t i p l e t  
at  1.52 ppm (H-18, _>T=7.0 Hz) ind icated the presence of  2-methyl- 
butanoate ester group in 52. The attachment of the 2-methylbutanoate 
to  C- 8  was in agreement w i th  the chemical s h i f t  observed fo r  H- 8  
(5.81 ppm) which is  genera l ly more deshielded than the 1 actonic  
p ro ton -s igna l .  This was confirmed by reac t ing  52, wi th 2.5 molar 
equ ivalents  of  sodium methoxide in methanol (Scheme 3 .2) ,  which 
produced two major compounds 55 and 56. The u p f ie ld  s h i f t  of  H- 8





from 5.81 ppm in 52 to  4.55 ppm in 55, (Figure 3-2, Table 3-4) ,  which 
was caused by the t r a n s e s te r i f i c a t i o n  of the 2 -methylbutanoate, gave 
fu r t h e r  support fo r  the attachment of the 2-methylbutanoate to C-8 .
CH3OH
Scheme 3.2 Reaction of  9-desacetoxymelcanthin F (52) wi th sodium 
methoxide.
The transformat ion of  9-desacetoxymelcanthin F (52) in to  55 and 
56 involves a Michael addi t ion of the methoxide nucleophi le to the 
11,13-double bond and base-mediated t r a n s - e s t e r i f i c a t i o n  of  the 2- 
methylbutanoate moiety at C- 8  producing compound 55. Subsequent 
14 ,8 - lac ton iza t ion  would give r ise  to  the di lactone 56 (Figure 3-3, 
Table 3-4) .  The stereochemistry of H - l l  was t e n ta t i v e l y  assigned 
using the K a r p l u s - c o r r e l a t i o n ^  between J_y -q and the dihedral  angles 
obtained from stereoinodels. The observed coupling (J_y u=12 Hz) f o r  
compound 56 was in agreement wi th an an t ip e r ip la n a r  arrangement of 
H-7 and H - l l  suggesting a H-113 in 56 i f  H-7 were a as in a l l  






compound 55 was 6.0 Hz. This value did not give a c lear  ind ica t ion  
of  the stereochemistry of  H-ll. However, on the basis of mechanistic 
arguments, the stereochemistry of H-ll should be 3 i f  compound 
55 were the precursor fo r  the di lac tone 56. In order to  determine the 
stereochemistry at C - l l  compound 55 was s t i r r e d  wi th 20% HC1 in 
methanol f o r  two hours, a f te r  which the di lac tone 56 was obtained as 
the major product (Scheme 3.2) .  Although epimerizat ion at C - l l  could 
have taken place in the l a t t e r  l a c to n in a t i o n , the d i f fe rence  between 
the J_y values observed fo r  compound 55 arid 56 is more l i k e l y  due 
to the change in conformation of the medium r ing upon 1 ac ton iza t ion .  
Formation of the 14,8- lactone imposes add i t iona l  r ing s t ra in  on the 
medium r ing whiph also changes the f l e x i b i l i t y  of the lactone r ing ,  
r e s u l t in g  in a dihedral  angle ( -  180°) between H-7 and H-ll which 
agrees with the observed J_7 n  value.
The conf igura t ions  of C-6 , C-7 and C- 8  in compound 52 were 
t e n t a t i v e l y  assigned on the basis of chemical t ransformat ions and 
co r re la t ion  wi th melampodin D (53).  Melampodin D was converted in to  
compounds 55 and 56 via the di lac tone 58 (Scheme 3 .3 ) .  Their  
i d e n t i t i e s  were establ ished by spectral  co r re la t ions  ('*’H NMR, IR, MS) 
w i th  the lactones prev ious ly  obtained from 9-desacetoxymelcanthin 
F (52). The transformat ion of melampodin D (53) in to  compound 
55 represents the f i r s t  conversion of a leucanthol ide in to  a c i s , c i s -  
germacranol ide. This is  high ly  s i g n i f i c a n t  because i t  shows the 
f a c i l e  interconversion between the two ske le ta l  types. Later in t h i s  
chapter attempts w i l l  be made to  convert  a c is -c is -germacranol ide 
in to  a leucantho l ide .









Scheme 3.3 Conversion of  melampodin D (53) i n to  a c is ,c is -germa-  
cranol ide (55).
contained a medium r ing  skeleton which is  b iogene t ica l ly  derived from 
a l (10 ) -c is -4 ,5 -c is -cyc lodecad iene  r ing system with a t rans 6 - 1 2  y- 
lactone group. The large coupling between H-5, H- 6  and H-7 (J^ 6=
Jg 7-  9.8 Hz) in compound 56 is in d ic a t i v e  of  a near an t ip e r ip lana r  
o r ien ta t ion  of  the three protons. Based on the biogenet ic theory-*' 
tha t  a l l  sesquiterpene lactone from higher plants have an H-7a 
con f ig u ra t ion ,  H- 6  must be ; i -or iented,  tha t  i s ,  a t rans- lac tone must 
be present in 52. Assuming that the conversion of melampodin 
D (53) in to  compounds 55 and 56 does not involve a change of  
stereochemistry at C-8, the conf igurat ion of  H-8 in 52 must be a as 
in 53. The format ion of 57 and 58 from 53 w i l l  be fu r th e r  discussed
(V /V . <VIS.
l a t e r  in t h is  chapter.
1 O
Detai led C NMR studies invo lv ing  proton noise decoupl ing (PND)
along with s ingle-frequency o f f - c e n te r  decoupl ing (SFOCD) permit ted
p a r t i a l  assignment of the carbons in compound 52. The use of
13se lec t ive  s ingle -frequency heteronuclear decoupled C NMR led to  
more conclusive assignments as i l l u s t r a t e d  in tab le  3-3.
This completed the s t ruc tu ra l  arrangement of the carbon skeleton 
o f  9-desacetoxymelcanthin F (52) except f o r  the overal l  conformation 
of the medium r ing .  Assuming that compound 52 is a c i s , c i s -  
germacranol ide, i t s  medium r ing conformation in the so l id  s ta te  
should be s im i la r  to  long icorn in  A , 1 5 D5 ] . ^
3.3 Iso la t ion  of 9-desacetoxymelcanthin A and 9-desacetylmelcanthin 
B from Melampodiurn 1eucanthum.
Melampodiurn leucanthum is chemical ly the most diverse species in 
the genus Melampodiurn. Three d i f f e r e n t  s t ruc tu ra l  types of  
sesquiterpene lactones have been determined among the major skeleta l  
types of  sesquiterpene lactones iso la ted  to date. These s t ruc tu ra l  
types include: melampolides, germacranolides di lactones
n o
( leucan tho l ides ) ,  and cis ,c is -germacranol ides , the st ructures of
which are summarized in Table 3-2. A new co l le c t io n  of  IM. leucanthum
from the Pecos region in West Texas, gave a f te r  repeated
chromatography, two new c is .c is -germacranol ides as minor const i tuen ts
? Qbesides the previously  described melcanthins A-C.
S t ruc tu ra l  data of  the two new compounds were obtained by 
co r re la t ion  wi th other known c is - l (10 ) ,c is -4 -ge rm acrano l ides  aiTdTy* 
the app l i ca t ion  of ■'•H NMR and mass spectral  analyses.
3.4 St ructure e luc ida t ion  of  9-desacetoxymelcanthin A. 
9-Desacetoxymelcanthin A (69) ,  C g ^ g O y ,  exh ib i ted  *H NMR
spectral  data (Table 3-4) f o r  the medium r ing protons almost 
id en t ica l  wi th those obtained from 9-desacetoxymelcanthin F (52).
C. 1
The d i f fe rence  of  two atomic mass un i ts  observed in the MS was due 
to  the presence of  an angelate group in 69 instead of  the 2-methyl - 
butanoate in 52. A one-proton quarte t  of  quartets at 6.08 ppm (H-18, 
J_=7.0, 1.3 Hz) together  wi th a doublet of quarte t  at 1.95 ppm (C-18- 
Me, J_=7.0, 1.8 Hz), a quarte t  at 1.81 ppm [ C - I 7 -CH3 , J_=1.8 Hz], and 
d iagnost ic  MS peaks at _m/z_ 83 [100, OCC^CHg^HCH-j] and 55 [27.9,  
C(CH3 )CHCH3]  were in agreement wi th  the presence of an angelate
96
Table 3.2
"Sesquiterpene lactones Isolated from M. lancanthum"
Type3 Reference
(59) Melampodin A GM 23,39-42
(60) Melampodin A, acetate GM 22,39
(61) Melampodin B GL 43,44
(62) 4,5-Dihydromelampodin B GL 44
(63) Leucanthin A GM 2 2
(64) Leucanthin B GM 2 2
(65) Leucanthinin GM 45
( 6 6 ) Melampolidin GM 45
(17) Melcanthin A GC 29
(2) Melcanthin B GC 29
(21) Melcanthin C GC 29
(67) 9-Acetoxymelnerin A 17
( 6 8 ) 9-Acetoxymelnerin B 17
(69) 9-Desacetoxy'melcanthin A GC 37
(70) 9-Desacetyl melcanthin B GC 37
S t r u c t u r a l  types from Table 3.2,  designated as fo l lows:  
germacrolides (GC), melampolides (GM), leucanthol ides (GL).
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ester  side chain in 69. The same arguments used fo r  the attachment 
of  the 2-methylbutanoate group to  C- 8  in 52 were also appl ied to  the 
attachment of  the angelate to  C- 8  in 69. Because of the near ly  
id en t ica l  ■*,H NMR spectral  data,  the conf igura t ion  fo r  C-6 , C-7, and 
C- 8  in 69, should be the same as in 52 which establ ishes the 
s t ruc tu re  of 9-desacetoxymelcanthin A as 69.
3.5 St ructu re e luc ida t ion  of  9-desacetylmelcanthin B.
OR'
HO
R' = R = R"= OH
9-Desacetylmelcanthin B (70),  was a gum which showed
absorpt ions t yp ica l  of  an a-methylene-y- l actone (IR bands at  1775 cm
and NMR doublets in benzene d- 6  at 6.2 and 5.72 ppm). Absorptions at
3420 and 3580 cm- '*' ind ica ted  the presence of  hydroxy groups, along
wi th  bands at 1710 and 1720 cm- *' f o r  carbonyl ester func t ions .  The
200 *H NMR spectrum of 70 in CDCl^ (Figure 3-6, Table 3-4) showed
broadened signals at room temperature which sharpened when the
spectrum was run at 55°C. Considerable sharpening was observed when
the spectrum was run in CgDg at  75°C. This temperature dependence
was a t t r ib u te d  to the conformational  f l e x i b i l i t y  of the germacradiene
skeleton. This phenomenon was also observed with melcanthins 
29A-C. The assignments of the protons in the medium r ing of 70 were 
made by se lec t ive  double resonance experiments in CgDg at 75°C. The
signal  at  3.14 ppm (J_y 13a=^***5 —7 13b=—7 8 =^ ,(* **z ) was assi9ned to 
H-7. Upon i r r a d ia t i o n  of H-7, the broadened doublet  at 5.92 ppm 
col lapsed to  a doublet  (J_=2 Hz) which was assigned to  H-8 . Also the 
doublets in the down- f ie ld range at 6.30 ppm (H-13a) and 5.66 ppm 
(H-13b) col lapsed to s in g le ts ,  in addi t ion to a s l i g h t  sharpening of 
the broad s in g le t  at 5.41 ppm assigned to  H-6 . Saturation of  H- 6  
caused the col lapse of  H-5 at  5.58 ppm (J_g g=9.3 Hz). The presence 
of  a C-2-0H group was ind ica ted  by the s p l i t t i n g  of H- l (6.99 ppm, 
2 =8 . 2  Hz) along w i th  the chemical s h i f t  observed f o r  H-2 (4.48 
ppm). When the broadened m u l t i p l e t  at 4.48 (H-2) was i r r a d ia te d ,  the 
doublet  at 6.99 ppm col lapsed to  a s in g le t  and the broadened doublet 
at 2.78 ppm (H-3a, _J3 a 3 5 =1 3 . 8 ) sharpened. Saturat ion of H-3a caused 
the col lapse of  a doublet  at 2.4 ppm which was assigned to  H-3b.
The presence of an a l l y l i c  alcohol group at C-15 was in 
agreement wi th a two-proton s in g le t  at 4.1 ppm. Two attempts to 









Scheme 3.4 Attempted Oxidat ion of  9-desacetylmeicanthin B (70) wi th 
2 , 2 -b ipyr id in iumch lorochromate.
dichioromethane met wi th  f a i l u r e  (Scheme 3 .4 ) .  In both react ions a
mixture of  products was obtained which could not be separated.
Nevertheless,  in the mixture of compounds a ■'■H NMR signal appeared at
9.38 ppm which must correspond to the C-15 aldehyde (71) and suggests
29a c is -4 ,5-doub le  bond in 70.
The mass spectrum of 70 showed peaks at _m/z_ 322 [0 .4 ,  M- 
H02 CC(CH3 )CHCH3]  and _m/z_ 321 [0 .5 ,  M- 0CC(CH3 )CHCH3  -H2 0] along with 
the base peak at _m/z_ 83 [100, 0CC(CH3 )CHCH3]  which v e r i f i e d  the 
presence of an angelate es ter  moiety in 70. The attachment of the 
ester group to  C- 8  was in agreement w i th  the observed chemical s h i f t  
f o r  H- 8  (5.92 ppm).
Two signals in the NMR spectrum of 70 remained to  be
assigned, a three proton s in g le t  at  3.5 ppm which must correspond to
a carbomethoxy methyl , t y p ic a l  o f  melampolides and c is ,c is -germa-
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crano l ides ,  and a broad s ing le t  at 4.83 ppm which was assigned to 
H-9.
The 1H NMR data inc lud ing  the decoupl ing experiments ind icated
that  compound 70 belongs to  the c is , l (10 ) -c is -4 -ge rm ac rano l ide
ser ies .  Furthermore, the •'■H NMR (CDC13 ) and mass spectral  pat terns
29exh ib i ted  by 70 were very s im i la r  to melcanthin B (2 ),  except fo r
the up f ie ld  appearance o f  H-9 at 5.69 ppm in 2 compared to 4.64 ppm
(CDC 13 ) in 70. This chemical s h i f t  suggests the presence of a
hydroxy group at C-9 in 70.
Assuming tha t  melcanthin B (2) is  a de r iv a t i v e  of  70, conta ining
an acetyloxy group at C-9 instead of  the hydroxy group, the same
stereochemical and con f igu ra t iona l  arguments [ 1 D1 4 , 1 5 D5]  should apply
35to 9-desacetoxymelcanthin B (70).
Reaction of  70 wi th  sodium borohydride in methanol af forded 
l ( 1 0 ) - l l , 1 3 - t e t r a h y d r o  d e r iv a t i v e  72 (Scheme 3.5,  Table 3-4).  In 







Scheme 3.5 Reduction o f  9-desacetylmelcanthin B (70) wi th NaBH^ in 
methanol.
cond i t ions ,  compound 70 does not give the reduct ive rearrangement 
product 35, but instead, saturat ion of the l (10) -double bond occurs 
due to  the poor leaving a b i l i t y  of the hydroxy group at C-9 in 70.
The s t ruc tu re  of compound 72 was deduced mainly by 1H NMR and mass 
spectra l  ana lys is .  The up f ie ld  s h i f t  of H- l from 6.99 ppm (CgDg) 
in 70 to a second-order pattern (H - la /H - lb )  at 3.21 ppm (CDCI3 ) 
in 72 was observed. The presence of  a three-proton doublet (C-13-H) 
at  1.22 ppm ( £ ^  1 3 =7 .5 Hz) was also observed. I r ra d ia t i o n  of the 
doublet  at 1.22 ppm caused the doublet of a quartet  at 2.99 ppm 
(J_7 i i  = 11.0, _J_i 1 13=7.5 Hz) to  col lapse to  a doublet which was 
assigned to H- l  1. The large J_y n  value (11.0 Hz) was in agreement 
w i th  an a n t ip e r ip lana r  o r ien ta t ion  fo r  H-7 and H - l l .  Based on the 
biogenet ic assumption tha t  H-7 adopts an a - c o n f i g u r a t i o n H - l l  
should be 3 -o r ien ted .
The proton absorption at  2.90 ppm (J^q i a=J_io i b =6*°> ^LlO 9 =^*^ 
Hz) was assigned to  H-10. The conf igurat ion at C-10 could not be 
determined on the basis of _J-value c o r re la t io n s ,  due to  the high 
degree of f l e x i b i l i t y  of  the medium r ing in 72.
Mass spectrum peaks at _m/z_ at 408 [1 .1 ,  M-I^O] and _m/z_ at 290 
[1 .1 ,  M - 2 H2 O -H0 2 CC(CH3 )CHCH3 ]  along with chemical ion iza t ion  
analysis [ isobutane, 427 (M+l) ]  v e r i f i e d  the above NMR spectral  
arguments. Attempts to  co r re la te  9-desacetylmelcanthin B (70) wi th 
melcanthin B (2) by ace ty la t ion  to form a common adduct, melcanthin B 
d iaceta te  (37) ,  were not possible  due to  the lack of  ma te r ia l .
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3.6 Corre la t ion of c is ,c is -germacranol ides and leucanthol ides 
(sesqui terpene d i lac tones) .
The reduct ive rearrangement discussed in chapter I I  along with
the nuc leoph i l i c  rearrangement of c is ,c is -germacranol ides wi th
alkox ide nuc leophi les ,  might simulate the b io log ica l  format ion of 
1 7leucantho l ides.  With t h i s  in mind, several attempts have been made 
to  t ransform a c is ,c is -germacrano l ide  in to  a leucanthol ide (Scheme 
3.6) .  The ta rge t  molecule was cinerenin (20) and the s ta r t in g  
compound was melcanthin A (17).
CH3O2C
I. 2 NaOEt
Scheme 3.6 Conversion o f  melcanthin A (17) in to  c inerenin 
ethoxide (19).
The f i r s t  attempt to  obtain c inerenin (20) from melcanthin 
A (17) was made by E. O l i v i e r  (Scheme 3 .7 ) . ^ 6  He attempted to  
p ro tec t  the exocyc l ic methylene of  17 wi th  dimethyl amine to  form 
adduct 73. Reaction of  the add i t ion product 73 with sodium ethoxide,A.A. r»_r\-
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fo l lowed by sapon i f ica t ion  and f i n a l l y  ac id ic  hydro lys is  would y i e ld  
c inerenin (20). The attempt met wi th f a i l u r e  in the f i r s t  step due 
to  the high r e a c t i v i t y  of the l ( 1 0 )-double bond which competes wi th 
the 11,13 exocyc l ic double bond toward the amine nucleophi le (Scheme 





EtQ / C 0 2CH3
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HO
Scheme 3.7 Attempted synthesis of  c inerenin (20) from melcanthin






Scheme 3.8 Reaction of  melcanthin A (17) wi th dimethyl amine.
Since t h i s  approach f a i l e d ,  two attempts were made to e l im inate 
the ethoxide group at C-13 from compound 19. Cinerenin 
ethoxide (19) was prepared in a one-step reaction of melcanthin 
A (17) wi th sodium ethoxide (Scheme 3.6).  This idea was developed 
a f t e r  i t  was noted tha t  te trahydroc ineren in  (76) reacted with sodium 
methoxide to  form compound (57) (Scheme 3 .9 ) .  Since t h i s  reaction 
represents a 3 -e l im ina t ion  wi th the ethoxide being the leaving group, 
a s im i la r  process could be expected to form cinerenin from the 





~  0 - \ \ ' C H 3
Scheme 3.9 Reaction of te t rahydroc ineren in  (76) wi th sodium 
methoxide.
The base of  choice had to be non-nuc leoph i l i c  to  avoid the 







Scheme 3.10 Reaction of  c inerenin (20) wi th  sodium methoxide.
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When cinerenin ethoxide (19) was reacted with 1,4-d iaza- 
b icyc lo [2 ,2 ,2 ]oc tane  (DABCO) at room temperature,  only s ta r t in g  
mater ial  was recovered. The same react ion under re f lu x  in 
te trahydro furan (THF) wi th potassium t -bu tox ide  gave undefined 
decomposition products (Scheme 3.11).
EtQ





Scheme 3.11 Attempted conversion of c inerenin ethoxide (19) in to  
c inerenin (2 0 ).
The t h i r d  attempt to t ransform melcanthin A in to  c inerenin 
involved the use of Grieco's method (Scheme 3 . 1 2 ) . In order to 
t h i s  method, 11,13-dihydrocinerenin (81) had to  be prepared from 
melcanthin A (17). This was accomplished by react ing melcanthin 
A (17) wi th  sodium borohydr ide,  fo l lowed by the addi t ion of  two
H I.LDA/PhjjSe^
use
Scheme 3.12 Grieco's synthesis
molar equivalents of  sodium ethoxide (Scheme 3.13, Figure 3-9, Table 
3-4) .  For comparison, i t  was attempted to prepare compound 81 by 
NaBH^ reduction of  c inerenin (20) in methanol at 0°C but t h i s  
react ion af forded in q u a n t i ta t i v e  y ie ld  9,10-11,13-te trahydro -  
c inerenin (76) (Scheme 3.14, Figure 3-7, Table 3-4) .  On the other 
hand, when THF was used as a solvent the desired l lBH,13-d ihydro-  
c inerenin (81) was obtained in low y ie ld  (Scheme 3.13).  The spectral  
parameters (NMR, MS, IR) of  81 obtained from melcanthin A (17) and 
cinerenin were id e n t i c a l .
HO

















Scheme 3.14 Reaction of c inerenin (20) wi th sodium borohydride in 
methanol.
The change of solvent from methanol to  THF reduces the 
r e a c t i v i t y  of the sodium borohydride.  Furthermore, sodium 
borohydride is  s l i g h t l y  soluble in THF.
Reaction of 81 wi th  two molar equivalents of l i t h iu m -  
di isopropylamide (LDA), fo l lowed by the add i t ion  of  
d iphenyld ise len ide provided compound 82 in very low y ie ld  ( 1 0 %) 
(Scheme 3.15, Figure 3-10, Table 3-4).  The other compounds obtained
i. l d a / t h f
HMPA
Scheme 3.15 Reaction of  11,13-dihydrocinerenin wi th  LDA/Ph2 Se2 - 
HMPA.
110
were decomposition products.  The NMR spectrum of the crude 
react ion product revealed the absence of the s ignals corresponding to 
the ethoxy group at C- l .  Due to the lack of  s ta r t in g  mater ia l  t h is  
react ion was only run once. Therefore,  there is not s u f f i c i e n t  
evidence to propose a reasonable mechanism fo r  the formation of 
compound 82 from 81.
In regards to the alkoxide exchange ou t l ined in Scheme 3.10, the
0 fc.
mechanism proposed by E. O l i v i e r  involved a double SN2' react ion 
wi th  the at tack of  the nuc leophi le  occur r ing at C-9 in 20 fol lowed by 
C- l at tack in 83 to give 78 (Scheme 3.16).  This reaction would be 
expected to  proceed with overa l l  re tent ion of  conf igura t ion  at C- l .
NoOMc NoOMe
Scheme 3.16 Possible mechanism fo r  exchange react ion of c inerenin 
in sodium methoxide so lu t ion .
The reaction of  melampodin D (53) w i th  sodium borohydride in 
methanol (Scheme 3.17) does support the above mechanism. The 
products obtained in t h i s  reac t ion ,  in cont ras t  to  those described in 
Scheme 3.10, do not have a 9,10-double bond. The double bond is  
forced to remain in the l ( 1 0 ) -po s i t ion  due to  the s t rong ly  reduced
I l l
MeO
t  /  V w  HO 5 7  t > - \ \  0H3
HOHO
5 3
Scheme 3.17 Reaction of  melampodin D (53) wi th NaBH^.
leaving a b i l i t y  of the hydride at C-9. The higher r e a c t i v i t y  of the 
9,10-double bond over the 11,13-double bond in 53 was evident in the 
product d i s t r i b u t i o n  which showed complete sa tu ra t ion of the 9,10 
p o s i t i o n .
Reaction of  c inerenin (20) wi th sodium borohydride in methanol 
on the other hand, gave exc lus ive ly  76 as represented in Scheme 3.14.
The d i f fe rence in r e a c t i v i t y  between melampodin D (53) and 
cinerenin (2 0 ) can be a t t r ib u te d  to  the reduced leaving a b i l i t y  of  
the ethoxide moiety in 20. Reaction of  c inerenin (20) wi th  sodium 
methoxide, a stronger nuc leoph i le ,  gave alkoxide exchange 
product 78 (Scheme 3.10).  The d i f fe rence  in r e a c t i v i t y  between 
methoxide and hydride toward cinerenin ( 2 0 ) can be ra t io n a l iz e d  i f  a 
carbanionic mechanism is  considered instead of  double S^2 ‘ , as shown 




















Scheme 3.18 Carbanionic mechanism fo r  a lkoxide exchange.
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as well  as a weak base, fo r  example the hydr ide in sodium 
borohydride,  the reaction favors path A in which C-10 protonat ion 
occurs in intermediate 84 and the reaction stops at tha t  point  to 
produce compound 85. This was v e r i f i e d  by the reaction of 
c inerenin (20) wi th sodium borohydride in methanol-d^ (CD3 OD) which 





Scheme 3.19 Reaction of  c inerenin (20) wi th  sodium borohydride in 
CD3 OD.
demonstrated tha t  in termediate 84 was protonated by the solvent 
before quenching of  the react ion mixture wi th  5% HC1. I t  confirmed 
path A as the reaction sequence when a hydride is  used as the 
nuc leoph i le .  To fu r t h e r  support the above react ion path,  the 
reduct ion of  c inerenin (20) in an ap ro t ic  solvent (THF) was attempted 
with  the assumption tha t  t h i s  would prevent the protonat ion of 
in termediate 84 and increase i t s  l i f e  span thus favor ing the 
format ion of  compound 8.6 (Path B). The reduct ion of
114
cinerenin (2C) in THF only gave 11,13-dihydrocinerenin in very low 
y ie ld  (Scheme 3.14).
When in Scheme 3.18 Nu represents a strong nucleophi le as well 
as a strong base, fo r  example sodium methoxide, the react ion favored 
path B in which ethoxide exchange may occur. The sequence out l ined 
in Scheme 3.20 gives support to the above assumption. The reaction 




0 - \ \  'CH- 
0
9 0 ( 8 4 , Nu = H)
r s j  r v  ’
7 6 ( 8 5 ,  Nu = H)rv  rsj 1
HO
5 7 ( 8 6 ,  Nu = H)
r ^ j  r s j  •
Scheme 3.20 Reaction of  te trahydroc ineren in  (76) wi th sodium 
methoxide.
to  produce intermediate 90. The use of  sodium methoxide as a base 
increases the l i f e  t ime of  in termediate 90 thus promoting the loss of 
the ethoxide group at C-l to form compound 57.
In conclusion, both mechanism, the carbanionic and the double 
S^2‘ are possible when a good leaving group is  present at C-l. For 
those cases where a poor leaving group is present at C-l the 
carbanionic mechanism seems to  be more favored.
1 ?Table 3.3 AJC NMR Spectral Assignments of 9-desacetoxymelcanthin
Chemi cal 









16.685 q ch3 *enhancement when i r r a d .  at 1.52 ppm
24.986 t 2,3
25,794 t 2,3
26.441 t 18 * la rge enhancement when i r r a d .  at 1.52 
ppm H-17
30.052 t 9 *enhancement when i r r a d .  at 3.15 ppm
41.102 d 17
47.085 d 7 *enhancement when i r ra d .  at 3.15 ppm
52.044 q och3
6 6 . 2 2 0 t 15
73.604 d 6 , 8
73.955 d 6 , 8 *enhanced upon i r r a d .  5.51 ppm H5/H6
124.029 t 13
125.700 d 5 *enhanced upon i r r a d .  at  5.51 ppm H5/H6
130.254 S 4
135.725 S 1 1





*Assignments were made by s ingle frequency proton decoupled spectra.
Figure 3-1. 200 MHz NMR spectrum o f
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Figure 3-2. 200 MHz ''"H NMR spectrum o f  55
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Figure 3-6. 200 MHz NMR spectrum o f
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Figure 3-7. 200 MHz NMR spectrum o f















Figure 3-8. 200 MHz NMR spectrum o f
11,13-dihydrocinerenin (,§1) 























Figure 3-9. 200 MHz NMR spectrum o f
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Figure 3-10. 200 MHz NMR spectrum o f  8£
(CDC13, 300°K)
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Table 3.4 ^H-NMR parameters5
Assignment 52 (CDCl3 )C 52 (Acetone D-6)c 69 (CDC13 )c 6 9 (Acetone D-6)c
H-l 6.81 td 6.84 td 6.82 t 6.84 td
(7.6, 1.3) (7.8, 1.3) (7.5) (7.9, 1.3)
H-2a/H-2b 2.56b /b b b 2.55b /b
H-3a/Ii-3b 2.40-2.75b 3.39 dd/ b 2.30-2.60b 2.28-2.50b
(13.5, 5.5)
H-5 5.51 5.51 dd 5.53 5.52 dd
(10.0, 1.0) (9.8, 1.2)
H-6 5.51 5.60 dd 5.53 5.6 3 dd
(10.0, 4.4) (9.8, 3.4)
H-7 2.79 ddd 2.89 dddd 2.83 ddd 2.89 dddd
(3.0, 2.8, 2.5) (4.4, 3.0, 2.5, 2.4) (2.8, 2.2, 2.0) (3.4, 2.7, 2.5)
H-8 5.81 ddd 5.81 ddd 5.83ddd 5.8 5 ddd
(10.0, 7.0, 3.0) (9.5, 7.1, 2.5) (9.0, 6.4, 2.2) (9.5, 6.8, 2.5)
II-9 a 2.95 ddd 2.93 ddd 3.04 ddd 2.98ddd
(14.0, 7.0, 1.3) (14.0, 7.1, 1.3) (13.5, 6.4) (14.0, 6.8, 1.3!
H-9b 2.60 dd 2.78 dd 2.66 dd 2.83 dd
(14.0, 10.0) (14.0, 9.5) (13.5, 9.0) (14.0, 9.5)
H-13a 6.33 d (2.8) 6.20 d (3.0) 6.33 d (2.8) 6.20 d (2.7)
H-l 3b 5.68 d (2.5) 5.69 d (2.4) 5.69 d (2.0) 5.72 d (2.7)
H-l 5 4.01 3.97 4.01 3.98
C0 2Me 3.79 3.75 3.78 3.75
H-17 2.32 q (7.0) 2.30 q (7.0)
C-17-Me 1.07 d (7.0) 1.05 d (7.0) 1.81 q (1.8) 1.80 q (1.5)
H-18 1.52 m (7.0) 1.50 m  (7.0) 6.08 qq 6.11 qq
(7.0, 1.3) (7.0, 1.6)
H-18-CH3 0.88 t (7.0) 0.86 t (7.0) 1.95 dq 1.9 3 dq
(7.0, 1.8) (7.0, 1.5)
aValues are recorded in parts per million relative to Me 4Si. Singlets are unmarked and
multiplets are designed as follows: d, doublets; t, triplet; q, quartet; p, pentet; 
m, multiplet whose center is given; br, broad. Figures in parentheses are coupling 
constants or line separation in hertz. Obscured by other signals. ‘"Run at room 
temperature. dRun at 75°C.
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Table 3-4 continued.
Assi gnment 55 (C6 06) 55 (CDC13 )
H-l 6.67 dd (7.0) 6.81 dd (7.5)
H-2a/H-2b 2 .14 -1 .86b 2 .30 -2 .60b
H-3a/H-3b 2 .14 -1 .86b 2 .30 -2 .60b
H-5 5.70 d (9.0) 6.63 d (9.8)
H- 6 5.48 dd 5.37 dd
(9.0 ,  5.0) (9 .8,  5.0)
H-7 2.27 ddd 2.18 ddd
(7.0 ,  5.0,  2.0) (6 .0 ,  5.0, 2.
H- 8 4.47 ddd 4.46 ddd
(10.0,  7.0,  2.0) (9 .8 ,  7.2, 2.
H-9a 2.70 dd 
(14.0,  7.0)
b
H-9b 2.51 dd 
(14.0,  10.0)
b
H—11 2.97 ddd 2.91 ddd
(7 .0 ,  6.0,  4.0) (6 .0 ,  5.0,  3.
H-13a 3.60 dd 3.68 dd
( 1 0 . 0 , 6 . 0 ) (9 .5 ,  5.0)
H-13b 3.34 dd 3.53 dd
(10.0,  4.0) (9 .5 ,  3.8)
H— 15 3.68 4.02
co2 ch3 3.37 3.73





















2 .20 -2 .80b
5.58 d (10.0)
5.07 dd
( 10. 0 )
2 . 6 6  ddd
(12.0,  10.0, 3.9)
4.89 dd 
(9 .0 ,  3.9)
3.21 d (14.8)
2.85 ddd 












1 .75 -2 .22b
5.36 d (10.0)
4.55 dd
( 10. 0 )
1.72 ddd
(13.0,  10.0, 4.4)
3.80 dd 
(9.0 ,  4.4)
3.39 d (14.5)
2.33 ddd







As si gn men t 58 (C6 D6> 58 (CDC13)
H-l 6 . 35 m 6.75 brm
H-2a/H-2b 1 .46 -1 .76b 2.18-2.655
H-3a/H-3b 1 .46 -1 .76b 2 .18 -2 .65b
H-5 5.16 d (10.0) 5.65 d (10.0)
H- 6 4.77 dd 5.17 dd
(10.0,  9.0) (10.0,  9.0)
H-7 2.15 dddd (9.0, 3.11 dddd (9.0 ,
4 .0 ,  4.0,  3.0) 3.5,  3.5,  3.0)
H- 8 4.11 dd 5.15 dd
( 8 . 8 , 4.0) (9 .0 ,  3.5)
H-9a 2.35 d (14.0) 3.21 d (15.0)
H-9b 1.96 ddd 2.93 ddd
(14.0,  8 . 8 , 3.2) (15.0,  9.0,  3.0)
H-13a 6.32 d (4.0) 6.42 d (3.5)














































(3.0 ,  2.0,  2.0)
5.92 dd (2.0) 
4.83 br






(7 .0 ,  2.0)
1.92 dq 














H - l l
H-13 
H -15 




C - I 8 -CH3  
H-10












4.30 dd/ b 







6.22 qq (7.0 ,  1.3)
2.02 dq (7.0 ,  1.9)
2.90 ddd (6.0 ,  6.0,  1
76 (CDC13 )





5.15 dd (9 .2 ,  8.5)
2 . 2 0  ddd
(12.0,  9.2,  1.0)
4.87 td (9 .0,  1.0)






















H - l l
C- l l -Me
81 (Acetone D-6 ) 
4.28 dd (6.0)
2.23 ddd 
(13.0,  6.0,  3.5)
1.79 ddd
(13.0,  6.0,  3.5)
1.95 dd 
(14.2,  3.5) 
b
5.44 d (10.0)
4.58 t  (10.0)
2.53 ddd
(12.0,  10.0, 2.5)
5.49 dd 











4.68 t  (10.0)
2.23 ddd
(13.3,  10.0, 2.0)
5.20 dd 








1.15 t  (7.0)
3.57 q
(7.0)
1.22 t  (7.0)
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Table 3-4 continued.
Assignment 82 (CDC13) 89 (CDC13)
H-l 4.29 m 4.56 d (4.5)
H-2a/H-2b b b
H-3a/H-3b 2 .1 -2 .3b b
H-5 5.46 d (10.0) 5.6 d (9.0)
H- 6  4.68 t  (10.0) 5.2 t  (9.0)
H-7 b b
H- 8  5.31 dd (1 .8 ,1 .0 )  4.8 t  (9.2)
H-9 7.18 d (1.0) b
H-10 ------ ------
H - l l  2.92 dq (12.2,  7.0) ------
H-13 1.38 d (7.0) 1 .2b
H-15 4.16/4.07 d 4.15
(15.5)
H - l 6  ------  3.53 q (7.0)
H-17 ------ 1.1 t  (7.0)
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Table 3-5 13C NMR Spectra* of  compounds 52, 69, 70.
Carbon 52 69 70
1 142.79d 142.71d 147.20d
2 24.99t 25.7 3a 68.82d
3 25.79ta 25 .14a 37.67t
4 130.25 130.22 126.35a
5 125.70d 125.48d 124.36d
6 73.60db 74.08db 76. 34d
7 47.09d 47.16d 48.51d
8 73.96db 73.95db 73.48d
9 30.05t 30.07 70.49d
1 0 139.42 149.77 141.06
1 1 135.73 135.77 134.12
1 2 175.50c 169.65c 169.28b
13 124.30t 124.04t 125.55t
14 169.63c 167.28c 168.24b
15 6 6 . 2 2 t 66.09t 65.61t
16 167.31c 166.49c 165.77b
17 41. lOq 127.09 126.82a
C - I 7 -CH3 11.48q 15.66q 15.51q
18 26.44t 139.78d 140.61d
C - I 8 -CH3 16.68q 20.33q 19.95q
O-CH3 52.04q 52.05q 51.96q
*Run at 50.00 MHz in CDCI3  on a Bruker WP-200 instrument wi th CDCI3 
as in te rna l  standard.  Values are in ppm. Unmarked signals are 
s in g le ts .  a ,b , c Assignments interchangeable.
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3.7 Experimental
The fo l low ing  genera l iza t ion may be made about equipment and 
condi t ions wi th regard to  data presented in t h is  sect ion:
IR spectra were obtained on a Perkin Elmer 621 Infrared 
Spectrophotometer;
CD spectra were run on a Durram-Jasco J-20 Spectrophotometer 
using methanol as solvent;  theta values fo r  wavelengths below 2 2 0  nm 
bear great uncerta in ty  due to high absorption by the solvent,  
al though the signs of  the Cotton e f fec ts  remain ce r ta in ;
UV spectra were recorded on a Cary-14 Recording Spectrophotometer 
using methanol as solvent;
Melt ing point  were determined on a Thomas Hoover Cap i l la ry  
melt ing Point Apparatus and are uncorrected;
NMR spectra were recorded on a Bruker Wp 200 Four ier  Transform 
NMR Spectrometer at 200 MHz; condi t ions are presented with ind iv idua l  
data;
Mass spectra were obtained on a Hewlett Packard 5895 GCMS at 70 
eV, source temperature 200°C; samples were introduced via d i re c t  
i n l e t  probe;
HRMS data were obtained on a Varian MAT 711 instrument.
Iso la t io n  of  9-desacetoxymelcanthin F. (52).
Dried leaves (62.0 g) of  Polymnia maculata Cav. (co l lec ted  10 
miles west of  Rayon, San Luis Potos i ,  Mexico, on October 6 , 1976, 
Stuessy-Gardner No. 4045; voucher at OS; USA) were ex tracted and 
worked up as prev ious ly  described to  y i e ld  587 mg of  crude syrup. 
Coluirri chromatography of  the crude syrup on 60 g of s i l i c a  gel using 
Et 2 0 -p e t ro l  fo l lowed by mixtures of  Et 2 0 -Me2 C0  wi th increasing
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p o la r i t y  af forded 36 f rac t io ns  of 50 ml. A l l  f rac t io ns  were 
monitored by TLC.
Fract ions 8-16 (63.0 mg) af forded 9-desacetoxymelcanthin 
F (52). Fract ions 17-18 gave a mixture of terpenoid compounds tha t  
were not p u r i f i e d  due to l im i te d  amount of  mate r ia l .  Fract ion 20 
y ie lded 87 mg of  melampodin D (53).
9-Desacetoxymelcanthin F (52),  0 2 ^ 2 3 0 7 , gum; UV end absorpt ion;
CD (MeOH); [ 0 ] „ 7 = +2.1X104 ; IR vCHC1 3cm“ 1: 3600 (OH), 1765 (a, 3 - L a  max
unsa tu ra ted-y - lac tone) ,  1740, 1715 (es te rs ) ,  1665, 1645 (double 
bonds); MS 70 eV _m/z_ [ r e l . i n t . ] :  392[- ,  M], 360 [0 .5 ,  M -CH3 OH], 335 
[0 .3 ,  M-CH(CH3 )C2 H5] ,  317 [0 .3 ,  M -CH(CH3 )C2 H5  -H2 0 ] ,  307 [0 .3 ,  M 
-0CCH(CH3 )C2 H5] ,  290 [11 .3 ,  M -H02 CCH(CH3 )C2 H5] , 289 [1 .4 ,  M 
-0CCH(CH3 )C2 H5  -H2 0 ] ,  272 [11.3 ,  M -H02 CCH(CH3 )C2 H5  -H2 0 ] ,  85 [84.1 ,  
0CCH(CH3 )C2 H5] ,  57 [100, CH(CH3 )C2 H5] ;  [Calcd. fo r  M 
-H02 CCH(CH3 )C2 H5: 290.1154. Found (MS) 290.1122]; Cl ( isobutane) m/z_
393 (M+l).
Reaction of  9-desacetoxymelcanthin F (52) w i th  sodium 
methoxide. 9-desacetoxymelcanthin F (52) 32 mg (0.082 mmoles) was 
disolved in 5 ml of  absolute methanol at 0°. To t h i s  so lu t ion  was 
added 6  ml of  methanol conta in ing 0.25 mmoles of  sodium methoxide.
The mixture was allowed to warm-up to  room temperature and a f te r  3 
hours the reaction was quenched by the add i t ion of  5% hydroch lo r ic  
acid (pH=5). The react ion mixture was evaporated to  dryness, and the 
residue part ioned between dichioromethane and water. The organic 
layer  was dr ied over sodium s u l f i t e .  The o i l y  residue was separated 
by PLC [EtOAc-petrol (75 :25 ) ] .  The band with R^=0.26 gave 5.1 mg 
of  56 and the band at R^=0.34 provided 6.0 mg of  55.
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Compound 56, C1 6 H2 0 0g, gum; IR v ™  3 cm"1: 3520 (OH), 1763
(y - lac tone ) ,  1685 (double bonds); MS 70 eV m /z_ [ re l .  i n t . ] :  308 [1 .4 ,
M], 290 [0 .8 ,  M -H2 0 ] ,  276 [0 .9 ,  M -CHgOH], 258 [0 .9 ,  M -CH3 OH -H2 0] ,
231 [100, C1 4 H1 5 03] ;  [Calcd f o r  C1 6 H2 0 05: 308.1258. Found:
308.1262].
Compound (55),  C ^ H ^ O ^ ,  9urt1’ ^  vmax^ ’ ^40 (OH), 1765
(y - lac to ne ) ,  1700 (a,e-unsaturated es te r ) ,  1650 (double bonds); MS 70 
eV m/z [ r e l . i n t . ] :  340 [ - ,M]-  308 [2 .7 ,  M -CH3 OH], 290 [6 .7 ,  M -CH3 OH 
-H2 0 ] ,  272 [2 .7 ,  M -CH3 OH -2H2 0] ;  Cl ( isobutane) m/z_ 341 (M+l).
Oxidat ion of  9-desacetoxymelcanthin F (52) wi th 2,2- 
bipyr id in iumchlorochromate. To a s t i r r e d  solut ion of 30 mg (0.0765 
mmoles) of  52 in 5 ml of  dry dichloromethane at room temperature was 
added 80.9 mg of  2,2-bipyr id in iumchlorochromate. The mixture was 
allowed to react f o r  3 hours a f te r  which the so l id  inorganic mater ia l 
was f i l t e r e d ,  the so lu t ion  was washed with water and dr ied over 
sodium s u l f i t e .  The o i l y  residue was separated by PLC [EtOAc-petrol
( 1 :1 ) ] .  The band at Rf=0.5 af forded 10 mg of  aldehyde (54):
CoiHof-O^, gum; IR v ^ ^ 3  cm- 1 : 1779 (y - lac tone ) ,  1739 (e s te r ) ,  1724
c. 1 £ 0  / IDaX
(a ldehyde);  MS 70 eV _m/z_ [ r e l . i n t . ] :  390 [0 .3 ,  M], 333 [0 .6 ,  M 
-CH(CH3 )C2 H5] ,  305 [0 .6 ,  M -0CCH(CH3 )C2 H5] ,  288 [3 .6 ,  M 
-H02 CCH(CH3 )C2 H5] ,  256 [7 .0 ,  M -H02 CCH(CH3 )C2 H5  -CHgOH]; [Calcd.  f o r
C21H26°7: 390- 1676- Found: 390.1671].
Acid ca ta l i zed  la c ton iza t io n  o f  55. To 6  mg of  compound 55 was 
added 5 ml of  a so lu t ion  of 20% hydroch lor ic  acid in methanol. The 
so lu t ion  was s t i r r e d  at  room temperature fo r  2  hours a f t e r  which the
react ion was neu t ra l ized  to  a pH of  6  wi th the add i t ion of a 10%
so lu t ion  of  sodium hydroxide. The solvent was removed,
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dichioromethane was added, washed two times with water and dr ied over 
sodium s u l f i t e .  The solvent was removed, and the o i l  obtained showed 
one spot by TLC. The 200 1H NMR along with other spectral  parameters 
(IR, MS) were id en t ica l  wi th compound 56.
Reduction of  melampodin D (53) wi th sodium borohydr ide. To a 
s t i r r e d  so lu t ion of 86.0 mg (0.23 mmoles) of  melampodin D (53) in 10 
ml of  absolute methanol at 0° was added 22.0 mg (0.57 mmoles) of 
sodium borohydride.  The so lu t ion  was allowed to  react fo r  25 minutes 
a f te r  which i t  was neu t ra l ized  with 5% hydroch lor ic  acid (pH=5). The 
so lu t ion  was evaporated to  dryness. Water was added, the so lu t ion 
was ex tracted with dichloromethane and dr ied over sodiurn s u l f i t e .
The o i l y  residue was separated by PLC [ETOAc-CgH^ (75 :25) ] .  The 
band with R^= 0.38 gave 8 . 6  mg of  compound 57 and the band at Rf=
0.30 provided 18.6 mg of compound 58.
Compound (57),  C1 5 H1 8 05, gum; IR v j j ^ 13 cm- 1 : 3500 (OH), 1770 
( y - lac tone ) ,  1690 (double bonds); MS 70 eV m /z_ [ re l .  i n t . ] :  278 [4 .3 ,
M], 260 [6 .0 ,  M -H2 0 ] ,  232 [25.5,  M -HgO -CO], 216 [5 .0 ,  M -H20 
-C02] ;  [Calcd.  f o r  C1 5 H1 8 05: 278.1153. Found (MS): 278.1093].
Compound (58),  C1 5 H1 6 05, gum; IR cm'1: 3490 (OH), 1765
(y - lac tone ) ,  1685 (double bonds); MS 70 eV _m/z_ [ r e l . i n t . ] :  276 [0 .9 ,
M], 258 [3 .7 ,  M -H2 0 ] ,  230 [12.9 ,  M -H20 -CO], 214 [7 .0 ,  M -H20 
-C02] .  [Calcd.  f o r  C1 5 H1 4 04  (M-H2 0):  258.0892. Found (MS)
258.0892].
Reaction of  compound 58 with sodium methoxide. To a s t i r r e d  
so lu t ion  o f  compound 58 (18.0 mg, 0.065 mmoles) in 5 ml of  absolute 
methanol at room temperature was added 1 . 6  ml of  a so lu t ion 
containing 0.13 mmoles of sodium methoxide. The reaction was
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quenched a f te r  2 hours wi th 5% so lu t ion  of  hydroch lor ic  acid. A f te r  
standard work up, an o i l  was obtained. The o i l y  residue was 
separated by PLC [EtOAc-CgH^ (75 :25) ] .  The least  polar band 
af forded 6  mg of compound 55, and the most polar band gave 3 mg of  
compound 56.
Iso la t ion  and separation of  9-desacetoxymelcanthin A (69) and 9- 
desacetylme!canthin B (70)
Dried leaves (1,200 g.)  of Melampodium leucanthum [Col lec ted in 
Valverde County, Tx. ,  8  miles east of entrance road to  Judge Roy 
Bean's Cabin on Hwy 90, on June 17, 1982 (Fischer 133)]  was extracted 
with dichioromethane and worked up as described before,  provid ing 13 
g of  crude syrup. Column chromatography of the crude syrup over 700 
g of s i l i c a  gel s ta r t i n g  wi th a mixture of EtOAc-petrol (6:4) 
fo l lowed with mixtures of  increasing p o la r i t y  (EtOAc-Acetone, 9:1,
8:2,  65:35, 1:1,  4:6,  25:75, 1:9,  100% acetone and acetone-methanol 
9:1) af forded 126 f ra c t io n s  of  125 ml.
Fract ions 26-29 (244.3 mg) contained a mixture of f lavanoids 
and 69. Chromatography by PLC using CgH^-EtOAc (65:35) y ie lded  65 
mg of pure 69. Fract ions 30-34 y ie lded 1.97 g of  17 s l i g h t l y  
contaminated with an u n id e n t i f i e d  analog containing a 2 - 
methylbutanoate moiety. Fract ions 40-60 gave 5.2 g of  almost 
pure 2. Fract ions 70-76 af forded 401 mg which was chromatographed by 
PLC using a mixture of  Et0Ac-CgH1 2  (85:15) to  give 8 6  mg of  pure 70.
9-Desacetoxymelcanthin A (69),  C21H26^7’ 9um’ enc*
absorpt ion;  CD (methanol): [0]ooq +1.6X10^; IR 3 cm- '*’ : 3575max
(OH), 1770 (y - lac tone ) ,  1725 (e s te r ) ,  1650 (double bonds); MS 70 eV 
jm/z_ [ r e l . i n t . ] :  390 [ - ,  M], 335 [0 .4 ,  M -C(CH3 )CHCH3] ,  307 [0 .2 ,  M
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-0CC(CH3 )CHCH3L  290 [ 1 . 1 , M -H02 CC(CH3 )CHCH3] j 272 [1 .3 ,  M 
-H02 CC(CH3 )CHCH3  -H2 0 ] ,  258 [2 .2 ,  M -H02 C(CH3 )CHCH3  -CH3 0H], 83 [100, 
0CC(CH3 )CHCH3] ,  55 [29, C(CH3 )CHCH3] ;  Cl ( isobutane) m/z_ 391 (M+l).
9-Desacetylmelcanthin B (70),  C2 1 H2 g0g, gum; UV, end absorpt ion;
IR vmax^ 3 cm~1: 3580’ 3420 1775 (T - lac tone) ,  1720> 1700 (es te r ) ;
CD (methanol): [ e ] 2 3 9  +1.6X104, [ e ] 2 1 7  -3.9X104; MS 70 eV m/z [ r e l . 
i n t . ] :  422 [ - ,  M], 404 [0 .5 ,  M -HgO], 322 [0 .4 ,  M -HOgCC(CH3 )CHCH3] ,
304 [0 .9 ,  M -H02 CC(CH3 )CHCH3  -HgO], 286 [1 .6 ,  M -HgOCC(CH3 )CHCH3] , 83 
[100, 0C(CH3 )CHCH3] ,  55 [ 4 2 , , C(CH3)CHCH3] ;  Cl ( isobutane) m/z_ 423 
(M+l) .
Reaction of  9-desacetylmelcanthin B (70) w i th  sodium borohydride 
(NaBH/[): by the same procedure as described fo r  long icom in  A: 50 mg 
of  70 af forded 7.4 mg of  72.
A.A. A-A.
Compound 72, C2 2 H3 g0g, gum; IR cirT^: 3500 (OH), 1765
(y - lac tone ) ,  1725 (e s te r ) ,  1630 (double bond); MS 70 eV m/z_ [ r e l . 
i n t . ] :  426 [ - ,  M], 408 [1 .1 ,  M -H2 0 ] ,  390 [0 .3 ,  M -2H2 0 ] ,  308 [0 .8 ,  M 
-H02 CC(CH2 )CHCH3  -H2 0 ] ,  290 [1 .1 ,  M -H02 CC(CH3 )CHCH3  -2H2 0] ,  276 
[3 .1 ,  M -H02 CC(CH3 )CHCH3  -H20 -CH3 0H], 83 [100, 0CC(CH3 )CHCH3] ,  55 
[46, C(CH3 )CHCH3] ,  Cl ( isobutane) m/z_427 (M+l).
Reaction of  c inerenin ethoxide (19) wi th 
1,4-d iazab icyc lo [2 ,2 ,2]c .yc looctane (DABCO). To a s t i r r e d  solut ion of
57.2 mg (0.156 mmoles) of  19 in 5 ml of THF at 0° was added 21 mg 
(0.187 mmoles) of  DABCO. A f te r  25 minutes, the ice bath was removed 
and the so lu t ion was ref luxed fo r  12 hours. The react ion was 
quenched by the add i t ion of  5% hydroch lor ic  acid and a f t e r  normal 
work up an o i l y  residue was obtained. TLC of the o i l  showed 
decomposition products.
Reaction of c inerenin ethoxide (19) w ith  potassium t -b u to x id e .
To a s t i r r e d  solut ion of  50 mg (0.137 mmoles) of c inerenin 
ethoxide (19) in 5 ml of  t -b u ta n o l ,  was added 15 mg (0.14 mmoles) of 
potassium t -bu thox ide .  The so lu t ion  was s t i r r e d  at 50°C fo r  2 
hours. The solut ion was neu t ra l ized  with 5% hydroch lor ic  acid (pH= 
5). A f te r  normal work up an o i l y  residue was obtained which showed
decomposition products on TLC.
Preparation of  11,13-dihydrocineren in (81) from melcanthin
A (iZ)-
a) NaBĤ  reduction of  melcanthin A by the procedure described 
fo r  longicorn in  A (1):  200 mg of 17 af forded 182 mg o f  34.
b) Reaction of 34 wi th sodium ethox ide . To a s t i r r e d  so lu t ion
of 34 (182 mg, 0.40 mmoles) in 5 ml of  absolute ethanol was added 
0.75 ml of  a so lu t ion of sodium ethoxide (27.2 mg, 0.4 mmoles) in 
ethanol at room temperature.  A f te r  two hours the reaction was 
quenched with the add i t ion  of  a 5% so lu t ion  o f  hydroch lor ic  acid.
The mixture was evaporated to  dryness, extracted with dichloromethane 
and dr ied over sodium s u l f i t e .  PLC work up gave 61.2 mg of  81.
11, 13-Dihydrocinerenin (81) C- j jh^Og, mP 178-179°; IR 
cm"*: 3490 (OH), 1770, 1760 (y-1actones);  MS 70 eV _m/z_ [ r e l .  i n t . ] :  
322 [2 .4 ,  M], 276 [34 .5 ,  M-CgHgOH], 258 [16 .2 ,  M-C2 H5 0H -HgO], 140 
[18 .8 ,  C7 H8 03] ,  112 [100, C5 H4 03] ;  Cl ( isobutane) m/z_ 323 (M+l) .
Reaction o f  c inerenin (20) wi th  sodium borohydride in methanol : 
by the same procedure f o r  long icorn in  A (1):  50 mg of  20 y ie lded  45 
mg of  76.
9 , 10-11,13- te t rahydroc ineren in  (76) ,  C j jH^Og,  mp 170-172° gum; 
IR vmax^ 3  cm" 1: 3 5 2 5  1 7 8 9  ( f - l a c t o n e ) ,  1675 (double bond); MS
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70 eV m/z_[ re l .  i n t . ] :  324 [2 .2 ,  M], 306 [36.0,  M-H2 0 ] ,  278 [11.4,  M 
-C2 H2 0H], 260 [9 .5 ,  M -H20 -CgHgOH], 232 [34.5,  M -H20 -C2 H5 0H -CO];
[Calcd.  f o r  C1 7 H2 4 06 : 324.1573. Found (MS) 324.1573].
Reaction of  76 wi th  sodium methoxide. To a s t i r r e d  solut ion
m , I .i . i i i -I n i .. ii i i . ■ -
of 76 (45.0 mg, 0.14 mmoles) in 3 ml dry methanol was added 0.54 ml 
of  a so lu t ion  containing sodium methoxide (8.7 mg, 0.16 mmoles). The 
reaction was s t i r r e d  at room temperature fo r  two hours a f te r  which a 
5% hydroch lor ic  acid so lu t ion was added. The react ion mixture was 
evaporated to dryness, ex tracted with dichloromethane, and dr ied over 
sodium s u l f i t e .  PLC, EtOAc-petrol (95:5) gave 19.6 mg of 57.
Reaction of  c inerenin (20) wi th sodium borohydride in THF. To a 
s t i r r e d  so lu t ion  of  50 mg of  20 in 3 ml of  THF was added 9 mg of 
sodium borohydride.  The reaction was l e f t  to warmp-up to room 
temperature and s t i r r e d  fo r  14 hours. A f te r  normal work up the 
react ion y ie lded  5.4 mg of  81.
Reaction of  c inerenin (20) wi th sodium borohydride in CD^OD: by
the same procedure fo r  long icorn in  A (1):  25 mg (0.078 mmoles) 
of  20 af forded 9.4 mg of  89.
Compound (89),  C1 7 H2 2 D2 0g, mp 183-185°; IR cm- '*': 3500
(OH), 1775 (y - lac to ne ) ;  MS 70 eV n i /z_ [ re l .  i n t . ] :  326 [2 .2 ,  M], 308 
[25, M -H2 0 ] ,  280 [10 .7 ,  M -CgHgOH], 262 [7 .4 ,  M -C2 H5 0H -H2 0] .
Reaction of  (81) wi th  l i t h iu m  di- isopropylamide (LDA) and
di phenyl-di  seleni  de. According to  procedure in reference 46: 100 mg
of 81 af forded 10 mg of  82. Compound 82, C^gHjpgOg, mp 197-199°;
IR vmax^3  cm~1: 3 4 7 0  ( ° H) ’ 1 7 7 0  (T - lac tone) ;  MS 70 eV m/z_ [ r e l . 
i n t . ] :  276 [5 .9 ,  M -CH3 OH], 258 [4 .3 ,  M -CH3 OH -HgO], 110 [17.9,
C6H6 °2 ^
Chapter 4
THE ISOLATION, STRUCTURE ELUCIDATION, AND 




4.1 Int roduct ion
In cont inuat ion of  an extensive chemical study of  the subtr ibe
Melampodi inae, aer ia l  parts of  Mel ampodi um ameri can urn L_. and M_.
91pi 1osum Stuessy of  sect ion Melampodium were analysed fo r  t h e i r
chemical cons t i tuen ts .  Besides the known sesquiterpene lactone,
45melampodinin A (91),  four re lated melampolides and a germacrolide
were iso la ted  from M_. americanum. From M_. pi 1 osum, the known
39 57melampodin A (92) and melfusin (93) were obtained. The s t ruc ture
e luc ida t ions  of  the f i v e  new compounds involved spectral  methods
(NMR, MS, CD) and chemical t ransfo rmat ion.
4.2 St ructu re e luc ida t ion  of  melampodinin B (94)
0
Melampodinin B (94),  mp 205-206.5°,  showed sharp doublets at 
5.82 ppm (H-13a) and 6.23 ppm (H- l3b),  a m u l t i p l e t  at 2.70 ppm (H-7) 
and IR absorpt ions at 1770 cm- -'- t yp ica l  of an a, B-unsaturated y- 
lactone.  Fur ther *H NMR assignments were made by extensive spin- 
decoupl ing experiments (Figure 4-9,  Table 4-4) .  I r r a d ia t i o n  of the 
m u l t i p l e t  centered at 2.70 ppm (H-7) caused the col lapse of  the two 
doublets at 5.82 ppm (H-13a, J_y I3a=3*^ anc* PPm (H-13b,
— 7  13b= in adcl l t i on to  a s l i g h t  sharpening of  the broad doublet
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at 6 . 6 8  ppm (H- 8 , Jg g= 9.0 Hz), and converted a doublet of doublets
at 5.23 ppm (H-6 , 7 = _Jg 5 = 10.5 Hz) in to  a doublet .  Saturation of
the broad doublet  at 6 . 6 8  ppm removed the large coupling (J= 9.0 Hz)
of  the signal at 5.36 ppm assigned to H-9. I r r a d ia t i o n  of the
doublet  of doublets at 5.34 ppm (H-5) caused the col lapse of  a three-
proton doublet at 2.21 ppm (C-4-Me, _J= 1.5 Hz), and s im p l i f i e d  the H-
6  signal at 5.23 ppm. The chemical s h i f t  of  the lower f i e l d  proton
at 7.0 ppm (J j  2 = 2.5 Hz) which was assigned to H-l suggested a 1(10) 
01
cis -double bond. I r r a d ia t i o n  of the doublet  of doublets at 3.67
ppm (H-2, J-1 , 2 "  2.5,  Jg 3 = 3.5 Hz) caused the col lapse of the low
f i e l d  proton at 7.0 ppm (H - l ) ,  in addi t ion to the doublet at 3.75 ppm
(H-3).  The chemical s h i f t  of H-2 and H-3 were in agreement wi th a
2,3 epoxide in melampodinin B (94).  This concluded the NMR
assignments f o r  the medium r ing protons in melampodinin B (94),  which
45were very s im i la r  to those of melampodinin A (91).
The s t ruc tu ra l  d i f fe rences between melampodinin A (91) and 
melampodinin B (94) must be s i tua ted  in the side chain of  the medium 
r ing  (Figure 4-1) .  The acetate s ignal in the ^H NMR spectrum of 91,
0
1176 il59 ! 131 ! 87
: 1 0  j OH 1 OAc
: : 1 1 1 1 : i
|HO+C-^C(CH3)-fC HC H3
A A| A2  A3
R' R"
Melampodinin A (91) A^ Ac
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Figure 4-1 S truc tu re  of melampodinin A (91) and melampodinin B (94)
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was replaced by s ignals c h a ra c te r i s t i c  of  2-methylbutanoate.  A 
three-proton doublet at  1.06 ppm (C-2"-Me, _J_= 7.0 Hz), along with a
three-pro ton t r i p l e t  at 0.81 ppm (C-3"-Me, _J_= 7.0 Hz), and two
m u l t ip le t s  at 2.34 ppm (H-2", J_= 7.0 Hz) and 1.50 ppm (H-3", J_= 7.0 
Hz) were in agreement wi th the 2-methylbutanoate side chain.  This 
was fu r th e r  corroborated by the appearance of mass spectral  peaks at 
m/z_ 564 [M], 462 [M -C5 H1 Q02] ,  85 [B1] ,  57 [B2]  and 29 [Bg] which
ind ica ted tha t  f i v e  carbon atoms have to be present in a s ingle
fragment in the side chain,. Furthermore, the mass spectrum provided 
evidence f o r  a side chain of  type A in 94 wi th  strong peaks at _m/z_ 
389 [M -CyH^Og],  176 [A ] ,  and 131 [A2] ,  Side chains Â  and 
in 94 could e i th e r  be at tached to  C- 8  and C-9, respec t ive ly ,  or vice 
versa. Spec i f ic  removal of  the C-9 ester funct ion under mild
? C
so lvo lys is  wi th sodium methoxide in methanol at 0 ° was attempted 
using the read i ly  ava i lab le  melampodinin A (91) as a model 








Scheme 4.1 Reaction of  melampodinin A (91) wi th sodium 
methoxide
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the removal of both side chains and the reg iospec i f i c  opening of the
2,3 epoxide to y ie ld  compounds 95 (Figure 4-10) and 96 (Figure 4-11) 
[Scheme 4 .1 ] .  The t r a n s e s te r i f i c a t i o n  of  both side chains precluded 
an assignment of the s i t e  of  attachment of  the two ester moiet ies 
in 91. The attachment of the side chains in 94 was f i n a l l y  
estab l ished by the fo l low ing  experiments: reduction of melampodinin
B (94) wi th sodium borohydride produced, beside the expected 11,13- 
dihydromelampodinin B (97) (Figure 4-12, Table 4-4) ,  a compound 
(98) in which the NMR spectrum showed an up f ie ld  s h i f t  of 
H-l  and the disappearance of the s ignals c h a ra c te r i s t i c  of  the 
2-methylbutanoate (Scheme 4 .2) .  Detai led NMR double resonance 
experiments ind icated tha t  the l ( 1 0 )-double bond had sh i f ted  to  the
9,10-pos i t ion wi th loss of  the 2-methylbutanoate (Figure 4-13, Table 
4-4) .
Reduction of  melampodinin A (91) under the same react ion 
condi t ions produced the rearrangement product (98) which was shown to 
be id en t ica l  in i t s  spectral  parameters (NMR, MS, IR) wi th those 
obtained from compound 94. These f ind ings  provided unambiguous 
assignments tha t  in 94 the 2-methylbutanoate moiety and in 91 the 
acetate group was at tached to C-9. Previous assignments of 
s t ruc tu re  91 was based exc lus ive ly  on NMR d a t a . ^
The above transformat ion is  very s im i la r  to  the reduct ive 
rearrangement discussed in chapter I I .  The reduct ive rearrangement 
o f  melampolides can be used to  prepare 4 ,5 - t rans -d i lac tones  as 
exempl i f ied  in Scheme 4.3.  A te n ta t i v e  mechanism fo r  the conversion 
of  melampodinin B (94) i n to  the 4 , 5 - t rans -d i lac tone  (101) might 
involve a 5^2 1 at tack of the hydride to  C-l  in 94, fo l lowed by a
CHS0ZC o - V ^ . dh
^0- L ^ O A c
CH3°2p
n I DH
. . / n ° ^ > ^ 0 > r k;::r * 0Ac
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Scheme 4.3 Possible mechanism fo r  the t ransformation of  a 
melampolide in to  a 4 ,5 - t rans-d i lac tone
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conformational ro ta t ion  to produce intermediate 99. This r o ta t i o n ,  
which resu l ts  in the more stable crown con former 99, does not a f fe c t
(V/V.
the o r ien ta t ion  of the C- 8  ester func t ion ,  so that  t ran s -  
e s t e r i f i c a t i o n  and lac ton iza t ion  could proceed to  produce compound 
(101) (Figure 4-14, Table 4-4).
The s i m i l a r i t i e s  of the NMR spectral  data of the medium r ing 
port ion of  melampodinin A (91) and melampodinin B (94),  along with 
t h e i r  reduct ive rearrangement co r re la t ions  (Scheme 4 .2 ) ,  suggested 
tha t  a l l  the ch i ra l  centers in the medium r ing of compounds 
91 and 94 are i d e n t i c a l .  Single crys ta l  X-ray d i f f r a c t i o n  data 
of  9 1 ^  establ ished the conf igura t ion  at a l l  the ch i ra l  centers as 
shown in Figure 4-2.
Figure 4-2 Stereoscopic representation of melampodinin A (91)
The s t ruc ture  of the basic skeleta l  arrangement of melampodinin 
A (91) c lose ly  resembles tha t  of  melampodin A (92), as determined by 
X - r a y ^  and neutron d i f f r a c t i o n . ^  As the absolute conf igura t ion  
of  92 is  known,^  the X-ray determinat ion of  91 estab l ished the
A.A. ^ A.A.
absolute conf igurat ion of  the two asymmetric centers of the 
subs t i tuen t  at C-8 . As seen in Figure 4-2,  the conf igura t ion  at 
C-21 is  R, and at C-31 i s  S.
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The X-ray data obtained fo r  melampodinin A (91) together wi th 
the above chemical co r re la t ion  establ ished the conformational and 
con f igu ra t iona l  s t ruc tu re  of melampodinin B (94) except fo r  the 
stereochemistry of C-2".
I t  is appropr iate at t h i s  time to comment on the mechanism fo r  
the conversion of  melampodinin A (91) in to  di lac tones 95 and 95.
This t ransformat ion apparent ly resu l ts  from the nuc leoph i l ic  at tack 
of  sodium methoxide at the C-2 pos i t ion from the 3-face of  the 
molecule in addi t ion to  t r a n s e s te r i f i c a t i o n  of both ester side chains 
to  give r ise  to  103. Conformational ro ta t ion  of  103.to  104 is 
fo l lowed by 14 ,8 - lac ton iza t ion  to  y ie ld  the 4 , 5 - t r a n s - l ( 1 0 ) - c i s -  
d i lac tone 95 (Scheme 4 .4) .  I t  is  evident from the product 
d i s t r i b u t i o n  (95:96, 3 :1 ) ,  tha t  the 11,13-double bond is less' /V.A. /Vrt. 3 ' 3 3
react ive  toward the methoxide necleophi le in comparison to  the 
t r a n s e s te r i f i c a t i o n  of both side chains and the cleavage of the 2,3 
epoxide. The regio and s te reospec i f i c  opening of  the 2,3 epoxide can 
be a t t r i b u te d  to the s t e r i c  hindrance generated by the C-4-Me which 
i s  located above the plane of  the medium r ing impeding at tack at C-3.
The conformational ro ta t ion  of 103 to  104 would requi re an 
inward ro ta t ion  of C-9-0H, so that  the stereochemistry of the C-9 
hydroxy group becomes 3 -o r ien ted .  Evidence fo r  t h is  t ransformat ion 
was obtained by determining the conf igurat ion at C-9 which was 
t e n t a t i v e l y  derived from coupl ing data between H- 8  and H-9. A 
stereomodel of  95 wi th a 3-or iented hydroxy group showed a dihedral  
angle H-8/H-9 = 0°. This value cor re la ted  very well  wi th the 
exper imenta l ly observed value, i s ,  g= 8.0 Hz. On the other hand, an 
cx-oriented hydroxyl group at C-9 would requ ire  a H-8/H-9 dihedral
OR'
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Scheme 4.4 Possible mechanism fo r  the react ion of  melampodimn 




angle of approximately 115° fo r  which a g= 3 Hz would be predicted
C Q
from the Karplus c o r re la t io n s .
Further evidence fo r  the attachment of  a hydroxy group to C-3 
and C-9 in compound 95 was obtained from acety la t ion  of 95 wi th 
acet ic  anhydride in py r id ine  which af forded the diacetate 105 (Scheme 
4 .5 ) .  The NMR spectrum of compound 105 (Table 4-4) showed, in 
add i t ion  to the two three-proton s ing le ts  at 2 . 1 1  and 2 . 1 2  ppm 
corresponding to the acetate groups, a downf ield s h i f t  f o r  H-9 from 
4.60 ppm in 95 to 6.29 ppm in 105. In add i t ion ,  H-3 also showed a 
downf ield s h i f t  from 4.72 to  5.51 ppm. This paramagnetic s h i f t  
observed fo r  both,  H-3 and H-9, is evidence fo r  the attachment of the 






Scheme 4.5 A ce ty la tion  of compound 95
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4.3 S tructu re  e lu c id a t in  of melampodinin C (106)
A A, A 2 A 3
0 I 0  OH | OAc
111 i ; i
H O fC -fC  CH3)-tC H C H 3
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Melampodinin C (106),  C2 3 H3 4 O^2 > a minor cons t i tuen t  which was
(Table 4-4) very s im i l a r  to those of  melampodinin B (94). The two 
compounds d i f f e re d  in the C-5 ester side chain wi th melampodinin 
C (106) showing NMR signals t yp ica l  of  a t i g l a t e  moiety (C). For 
example, two three proton s igna ls ,  a broadened s in g le t  at 1.91 ppm 
(C-2"-Me), a doublet at  1.79 ppm (C-3"-Me) and a broadened one proton 
quarte t  at 6.83 ppm (H-3") were observed. The mass spectrum 
of 106 with peaks at _m/z_ 462 [M -H02 CC(CH3 )CHCH3) ] ,  1 0 0  
[H02 CC(CH3 )CHCH3] ,  83 [0CC(CH3 )CHCH3] ,  and 55 [C(CH3 )CHCH3]  v e r i f i e d  
the NMR assignments. The attachment of the es ter  side chains could 
not be resolved due to  the lack of  m a te r ia l .  However, the 
s i m i l a r i t i e s  of  the NMR signals in 106, 94 and 91 in add i t ion to the
zro
CD spectral  data suggested the same conf igura t ion  at the ch i ra l  
centers and also a conformation s im i la r  to  tha t  shown in Figure 4-2.
not obtained completely f ree of 94, exh ib i ted  *H NMR spectral  data
















9-desacetylmelampodinin A (107), C2 3 H2 8 O1 1 » was a mi nor
cons t i tuen t  from the polar chromatographic f rac t io ns  of  M_.
1
americanum. The 100 MHz H NMR spectral  s ignals of compound 
107 (Table 4-4) were near ly  id en t ica l  wi th those fo r  the medium r ing 
port ion of  melampodinin A (91).  The only d i f fe rence observed was the 
disappearance of  a three-proton s in g le t  corresponding to  the acetate 
moiety at C-9 in 91, in add i t ion to the up f ie ld  s h i f t  of  H-9 from
5.37 ppm (J^ g= 8.5 Hz) in 91 to  4.16 ppm (J_g g= 8.5 Hz) in 107.
Spin decoupl ing experiments c le a r l y  suggested s t ruc tu re  107 with the 
Cy-ester Aj attached to  C-8 (H-8, 6.37 ppm) and a hydroxy group at 
C-9 (H-9, 4.15 ppm). The mass spectrum of 9-desacetylmelampodinin 
A (107) and melampodinin A (91) have very s im i la r  fragmentat ion 
patterns  due to  the medium r ing  skeleta l  ions,  which is  f u r th e r  
evidence f o r  the s t ruc tu ra l  s im i l a r i t y  in the medium r ing por t ions 
of  91 and 1 0 7 . Ms peaks at m/z_ 480 [M], 462
156
[M -H2 O], 304 [M -CyH-^Opj], and 176 [C^H^Og] supported the NMR data.
Attempts to co r re la te  107 with melampodinin A (91) by 
ace ty la t ion  required ex t rac t ion  of  more plant mate r ia l .  However, in 
a repeated ex t rac t ion and work-up of a second batch of the same plant 
c o l l e c t i o n ,  compound 107 could not be obtained. This suggested that  
9-desacetylmelampodinin A (107) possibly represented an a r t i f a c t  
formed dur ing the f i r s t  is o la t io n  procedure. However, treatment of 
melampodinin A (91) under the condi t ions used in the is o la t io n  
procedure, tha t  i s ,  s t i r r i n g  wi th 5% Pb(0 Ac ) 2  in EtOH-H20 (1:1) fo r  
24 hours at room temperature,  did not provide compound 107.
4.5 St ructure e luc ida t ion  of  11,13-dihydromelampodin A 9- [2 -methy l-  
butanoate]  (108).
C C| Cg
i j f l j
!H0-j-C-j-C(CH3)CHCH3 
: 100 l ea l  55
D Dg
i • 0  i I— 0 “ |
'!H 0 fC -i-C (C H 3)-C H lC H 3) 
il 16 1 99 1 71
11,13-Dihydromelampodin A 9-[2-methylbutanoate]  (108), mp 187- 
188°, exh ib i ted  IR absorption at 1775 cm"* t y p ic a l  of  a y - lac tone,  
but the s ignals c h a r a c te r i s t i c  of  the exocyc l ic  methylene protons 
near 6.0 ppm were replaced by a three-proton doublet  at 1.19 ppm 
(C- l l -Me,  _Jj l 1 3 = 8.0 Hz) which ind ica ted  an 11,13-dihydrolactone.
*H NMR spectral  data of 108 (Figure 4-15, Table 4-4) were very
c h 302c
V
s im i la r  to those of l l3-H,13-dihydromelampodinin B (98). The major 
d i f fe rence  was the lack of  NMR absorptions due to the 2-hydroxy-2- 
methyl-3-acetoxy butyrate (A), and instead signals t yp ica l  f o r  the 
epoxyangel ate group appeared . Two three-proton absorpt ions,  a 
s in g le t  at 1.53 ppm and a doublet at 1.25 ppm (J_= 6.0 Hz), together 
wi th  a quarte t  at 3.08 ppm were in agreement wi th the epoxyangelic 
acid side chain in 108. Prominent MS peaks at _m/z_ 390 [M -CgHgOg], 
116 [C^HgOg, D], 99 [C5 H7 02, D2] ,  71 [C^HyO, Dg] v e r i f i e d  the above 
NMR assignments. Further MS peaks at _m/z_ 404 [M -C3 H^q02] ,  102 
[H02 CCH(CH3 )C2 H5] ,  85 [0CCH(CH3 )C2 H5] ,  57 [CH(CHg)C2 H5]  and a three-  
proton s in g le t  at 1.03 ppm (C-2"-CH3) together wi th a t r i p l e t  at 0.79 
ppm (C-3"-CH3) were assigned to a 2-methylbutanoate as the second 
ester side chain in 108.
The attachment of  the 2-methylbutanoate moiety to  C-9 was 
v e r i f i e d  by the reaction of  108 with s ix  molar equivalents of sodium 
borohydride which produced compound 109 (Scheme 4 .6) .  The migrat ion 
of the 1(10) double bond to  the 9,10-pos i t ion in the medium r ing wi th 






Scheme 4.6 Reaction of 11,13-dihydromelampodin A 
9- [2-methylbutanoate]  wi th NaBĤ
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spectrum of 109 (Table 4-4).  This t ransformat ion apparent ly resulted 
from a SN2 1 reaction tha t  was previously described in chapter I I .
In addi t ion to the above transformat ion,  comparison of the 
NMR spectral  data of 108 (Table 4-4) wi th those of  melampolides of 
s im i l a r  oxidat ion patterns ,  suggested tha t  108 should exh ib i t  the 
same conf igura t ion  at C-2, C-4 and C- 6  to  C-9 as melampodin 
A (92) (Figure 4-3) ,  the absolute conf igurat ion of which had 
previous ly  been establ ished.40»41 yhe stereochemistry at C - l l  was 
t e n t a t i v e l y  assigned b(ased on co r re la t ions  between J_y ^ l  an<̂  the two 
possible  dihedral angles between H -7 /H - l la  (45°) and H-7/H-113 (160°) 
obtained from stereomodels. The exper imental ly observed coupl ing 
(J_7 8.0 Hz) was in be t te r  agreement wi th the near ly
a n t ip e r ip lana r  arrangement of H-7 and H - l l  suggesting a H - l lp .
Figure 4-3 St ructure of  melampodin A (92),
11,13-dihydromelampodin A 9- [2 -methy l-  
butanoate]  (108) and 11,13-dihydro-  
melampodinin B (98)
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Therefore,  s t ruc tu re  108 must represent dihydromelampodin A 
9-[2-methylbutanoate]  (Figure 4-3) .
4.6 St ructure e luc ida t ion  of 15-desacetoxymelfusin (110)
| ff i i— °~ i
HOfC-i-C(CH3)—CH(CHjj) 
116 ! 99  ! 71
15-Desacetoxymelfusin (110),  C2 1 H2 4 O9 , mp 150-152°, exh ib i ted 
spectral  absorptions t yp ica l  of  an a-methylene-y-1 actone (IR at 1765 
cm”  ̂ and NMR doublets at 5.42 and 6.17 ppm). Further absorptions 
at  3570, 1745, 1730 and 1715 cm- '*’ ind icated the presence of  hydroxy 
and ester func t ions ,  respec t ive ly .  The assignments of the basic 
ske le ta l  arrangement of  110 were mainly deduced from *H NMR spectral  
data (Figure 4-16) obtained at 200 MHz in CDC13  and CgDg (Table 4-4) 
and from MS fragmentat ion patterns.
I r r a d ia t i o n  of  the m u l t i p l e t  centered at 3.36 ppm (H-7) caused 
the col lapse of  several s igna ls ,  which included: H-13a (6.17 ppm,
—7 13a= H-13b (5.42 ppm, jJy i 3 b= 3.0 Hz), H- 6  (4.55 ppm,
0 = 11.5 Hz) and a s l i g h t  sharpening of  an obscured signal at
5.67 ppm which was assigned to  H-8 . The signal at 5.67 ppm
in te rg ra ted  fo r  two protons and was resolved in to  a broad doublet at
5.45 ppm (H - l ,  2 = 5.0 Hz) and broadened doublet of  doublets at
5.25 ppm (H-8 , _Jj g= _Jg g= 2.5 Hz) when run in benzene dg. The
chemical s h i f t  observed f o r  H- l (5.45 ppm, CgDg) was in agreement
wi th  a t rans l (10)-doub le  bond, H- l being trans to the COOCHg group
at C-10. I r r a d ia t i o n  at H- l (5.25 ppm) reduced the doublet of
doublets at 5.62 ppm (H-2, _Jg 3 = 10.0, _J_i g= 5.0 Hz) to a doublet .
The s p l i t t i n g  fo r  the H-2 s ignal was in d ic a t i v e  of two protons on the
adjacent carbons, one at C- l  and the other at C-3. The chemical
s h i f t  observed f o r  H-3 (5.11 ppm) in addi t ion to i t s  coupling
constant (Jg 3 = 1°.0 Hz) suggested a c is -2 ,3-doub le  bond in 110.
This was supported by a strong n-ir* UV absorption at 265 nm typ ica l
£-0
f o r  an unsaturated es te r .
I r r a d ia t i o n  of the t r i p l e t  at 4.55 ppm (H-6 ) col lapsed the 
doublet  at 3.04 ppm (H- 5> i 5 ,  0 = 11.5 Hz), and removed the wide 
spacing (J_= 11.5 Hz) from the H-7 s igna l .  The chemical s h i f t  f o r  H-5 
was in agreement wi th a 4,5-epoxide in 110. Ms peaks at m/z_ 116
^ 5 ^ 8 ^ 3 ’ ^  ^gHyOg, ^1-  ̂ ancl ^  ^ 4 H7 ^> d2-̂  d iagnost ic  NMR
absorptions at 3.03 ppm (H-31, _J_=6.0 Hz), 1.53 (C-21 -CH3 ) and 1.26 
(C-3 ‘ -CHg, jJ_= 6.0 Hz) were in accord wi th the presence of an 
epoxyangel ate ester moiety in 110. The attachment of  the ester side 
chain to  C- 8  was in agreement wi th  the chemical s h i f t  of  H- 8  (5.67
ppm). The strong IR absorption at 3670 cm"^ of 110 must be due to a
hydroxy at C-9 which is  in accord wi th  the ■'•H NMR data.
The decoupl ing experiments ind ica ted tha t  the new compound
belonged to  the germacranolide series w ith  ske le ta l arrangement and
oxidat ion pattern of the medium r ing port ion s im i la r  to the known
22melampolide leucanthin A (111).
leucanthin A (111)
'  (V ./S A . •
A s ig n i f i c a n t  d i f fe rence  exis ted between the H-l absorption at  
5.69 (CDC13 ) in 110 and H-l in leucanthin A (111) which exh ib i ted  a 
signal near 7.0 ppm diagnost ic  of the H-l in melampolides of 
type 91, 92 and 94. The appearance of  H-l in 110 below 6.0 ppm 
corroborated the presence of  a l ( 1 0 ) - t rans  double bond in 
compound 1 1 0 .
A stereomodel of t rans-1acton ized y- lac tone in 110 with H-5a, H- 
6 3 , and H-7a shows very good co r re la t ion  between the dihedral  angles 
and the ^H NMR coupling constants.  The large coupling between H-5, 
H- 6  and H-7 (J^ g= _Jg j=  11.5 Hz) supported the above assignments, 
and the large _J_-value also indicated tha t  the three protons had to 
adopt a near a n t ip e r ip lana r  o r ie n ta t io n .  Assuming tha t  H-7 is  a- 
o r ien ted , -as  in a l l  sesquiterpene lactones from higher plants, ' * ’ the
con f igura t ion  of H- 6  must be 3, tha t  i s ,  a t rans- lac tone must be 
present in 110. These f ind ings  were fu r th e r  corroborated by the
no
app l ica t ion  of Zamek's ru le ,  in which the _Jy coupl ing > 3Hz 
suggests a t rans- lac tone  in 110. The conf igurat ion of H- 8  in 110 was
^  fV.fV.fV. <V.fV. A .
determined from the coupling between H-7a and H- 8  (J_y g= 2.5 Hz).
The coupling of  2.5 Hz which corresponds to  a dihedral angle of 
approximately 130° corre la tes  very well  wi th the dihedral angle 
obtained from stereomodels (-130°) in which H- 8  adopts the a- 
c on f igu ra t ion .  The above assignments were independent of the 
conformation of  the 1(10) double bond. S imi la r  considerat ions fo r  
the determinat ion of the conf igurat ion at C-9 of 110 were not 
conclusive.
The 4,5-epoxide funct ion in 110 was assigned a t rans -  
conf igura t ion  on the basis of stereomodel inspect ion and *H NMR 
coupl ings.  In a c is -4 ,5-epoxide the dihedral  angles between H- 6  and 
H-7 would be near 90° suggesting a small -j value which is contrary 
to  the experimental f ind ings .  Furthermore, since a c is -4 ,5-epoxide 
is  b io s y n th e t i c a l l y  der ived from a cis 4,5 double bond (he l iango l ide
o p
type medium r in g ) ,  the _J_y ^ 3  value would have to  be <3 Hz but were 
found to be >3 Hz. The above data suggest that  compound 110 contains 
a medium r ing skeleton which is b iogene t ica l ly  derived from a 1 ( 1 0 ) -  
t ra n s -4 ,5 - t ra n s  cyclodecadiene (germacrol ide).  The a n t ip e r ip lana r  
arrangement of H-5 and H- 6 3  (Jg 6= 11.5 Hz) in 110 necessi tated tha t  
H-5 must be a-or ien ted ;  there fo re ,  the C-15 attached to the t rans -4 ,5  
epoxide moiety be placed above the plane of  the medium r ing .  The 
conformation of the 1 ( 1 0 ) double bond could not be der ived from the 
NMR spectral  data.
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4.7 C i rcu la r  dichroism of melampolides prepared by a l l y l i c  
oxidat ion of  a t rans, t rans-germacrano l ide.
The use of  c i r c u l a r  dichroism (CD) in the determinat ion of  the 
stereochemistry of the y- lactone moiety in sesquiterpene lactone has 
been f i rm ly  es tab l ished . 4 8 , 4 9  Analysis of  the Cotton Ef fect  (CE) in 
the range 245-260 nm, which is  due to the n-m* t ra n s i t i o n  of the 
a-methylene-y-1actone chromophore, led Geissman and coworkers to 
suggest a co r re la t io n  between the sign of the CE and the 
stereochemistry of the y-1 actone r ing .  Table 4.1 summarizes the 
co r re la t ion  of the sign of the CE and the posi t ion and 
stereochemistry of  the lactone r ing.
Lactone Posi t ion Lactone Ring Fusion
Cis Trans
C- 6 +
C- 8 — *f
Table 4.1 The Stockl in-Waddell-Geissman Rule: Pred ic t ion  of  the
type of  la c ton iza t ion  from the sign of the CE of the n - tt*
48t r a n s i t io n  of sesquiterpene lactones.
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The app lica t ion  o f the Geissman ru le  has met w ith  some notable
except ions,  most s i g n i f i c a n t  of which are the he! iangol ides and some
melampolides wi th 7 ,6 - t rans- lac tone  r ing f u s i o n . ^  The exceptions in
the melampolide ser ies are found in the CD spectra of melampodin
A (92) and melampodinin-type compounds (91, 94, 98) wi th s im i la r
ske le ta l  arrangement (Table 4 .2 ) .  These compounds e x h ib i t  a strong
broad pos i t i ve  CD band near 250 nm. Appl ica t ion of  Geissman's rule
f o r  the assignment of 1 ac ton izat ion of the 6 , 1 2 -y - lac tone group
pred ic ts  a c is - lac tone  funct ion  in these compounds, which is  contrary
to the data obtained by X-ray studies.^2»47 gn ^  o t her hand,
51melampolides such as uvedalin ( 1 2 1 ) e x h ib i t  a negative band near 
250 nm but reversed the CE upon epoxidat ion of the 4,5-double bond 
(Scheme 4 .7 ) . 3 3
121
Uvedalin (121)
^-®^216 x 103 
[ 0 ] 255 -1 .8  x 103
Scheme 4.7 CE of uvedalin (121)
maculatin (1 2 2 ) .
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Maculatin (122)
C©Zl283 “ 2*® x 102
[ 0 ] 242 +7.1 x10
[©]215 x
d i t s  epoxide analog
Table 4.2 CD Cotton Ef fects  Exhibi ted by a Series of  Compounds
Related to Melampodin A
Structure Compound X (!_©]) A (Lej)
c o 2c h 3 
''0R .OR1
Melampodin A (92)
R = OH, R‘ = A
Melampodinin A (91) 
R = OAc, R1= B
Melampodinin B (94) 
R = C, R’ = B
214 (-1 .2  x 10b)
213 ( -1 .5  x 10b)
216 (-1.7  x 10b)
Melampodin A, 11,13-dihydro- 
9a-methylbutyrate (108)
R = C, R1 -  A 215 ( -1 .7  x 10°)
244 (+3.7 x 104)
246 (+3.2 x 10
248 (+3.8 x 104)
249 (+3.5 x 104)
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I t  has been suggested tha t  the f a i l u r e  of the lactone rule '1' f o r  
the above melampolides seems to be due to the presence of a second 
chromophore, the a , 3 -unsaturated methyl es ter (Figure 4-4).  This 
add i t iona l  chromophore might be responsible f o r  the strong pos i t i ve
C0oMe
Figure 4-4 a , 3 -unsaturated carbomethoxy group in melampolides 
and c is .c is -germacrano l ides.
band near 250 nm which can be caused by the n-n* t ra n s i t i o n  of the 
a, 3 -unsaturated methyl es te r .  In order to determine the con t r ibu t ion  
of  the a , 3 -unsaturated methyl ester chromophore in the CD spectrum of 
these types of compounds, melampolides lack ing the C-14 carbonyl 
group were prepared.
CO
The Sharpless oxidat ion react ion was used fo r  the 
t ransformat ion of costunol ide ( 1 1 2 ) ,  a t rans, t rans-germacrano l ide,
CO
in to  a melampolide. Reaction of  costunol ide (112) wi th selenium 
dioxide and t-bu ty lhydroperox ide  in dichloromethane af forded the a, 3- 
unsaturated aldehyde 113 and the a l l y l i c  alcohol 114 as the major 












Scheme 4.8 Reaction of  costunol ide (112) and dihydro- ,
costunol ide (115) wi th  seleniumdioxide and t-BuOOH.
The s t ruc tures of  the react ion products were elucidated by 
extensive spin decoupl ing experiments. *H NMR signals c h a ra c te r i s t i c  
o f  melampolides were observed in the spectrum of compounds 113 and 
114 (Table 4-4) .  In compound 113 a l o w - f i e ld  absorption at 6.52 ppm
^-1 2a= —1 2b = —1 9= was assi9nec* t0 H-l  (Figure 4-17).
The chemical s h i f t  of H-l  above 6.0 ppm suggested a c is - l (10 ) -doub le
01
bond with H-l  c is to the carbonyl group at  C-14. Furthermore, the 
chemical s h i f t  of the aldehyde proton at C-14 (9.46 ppm, _J_= 1.5 Hz) 
was in agreement wi th a c is - l ( 1 0 ) -d o u b le  bond.'*' I r r a d ia t i o n  of  the
168
t r i p l e t  at 4.58 ppm (H-6, _J  ̂ 6= _Jg y= 10.0 Hz) col lapsed the doublet 
at 5.03 ppm which was assigned to  H-5. The large coupling between H- 
5, H-6 and H-7 (10.0 Hz) was in agreement wi th an ant i peri pianar 
o r ien ta t ion  of H-5a, H-6f3, and H-7a, a t yp ica l  feature of the
The data presented above c le a r l y  suggest that  compounds
113 and 114 have a melampolide skeleton, but the question remains
whether t h e i r  conformations are the same as those of the n a tu ra l l y
occur ing melampolides. Therefore,  f i n a l  proof f o r  the conversion of
the t rans,t rans-germacrano l ides  to the melampolide skeleton was
establ ished by determining the X-ray crys ta l  s t ruc ture  of
1 ^compounds 119 and 120 (Figure 4-5) ,  which were obtained by the 
oxidat ion of d ihydropartheno l ide (118) wi th Se0£ and t-BuOOH (Scheme 









Figure 4-5 S ingle c rys ta l X-ray s tru c tu re  of
compound (119) and (120).
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The c rys ta l s t ruc tu re  of compounds 119 and 120 (Figure 4-5)
c lose ly  resembles tha t  of other melampolides whose s t ruc tu re  have
13 17 41been determined by X-ray ana lys is .  ’ ’ Having establ ished the
s t ruc tu re  and conformation of  the syn thet ic  melampolides, the CD 
spectrum was obtained fo r  each of  the new compounds, and the resu l ts  
are discussed below.
Table 4.3 l i s t  the CE observed fo r  the s ix  melampolides prepared 
by the Sharpless ox ida t ion .  Compound 114 showed two strong negative 
bands (Figure 4-6) .  An intermediate wavelength CE at 257 nm 
corresponding to  the n- ir* t r a n s i t i o n  of  the a-methylene-y-1 actone 
chromophore which is in agreement wi th Geissman's ru le fo r  a t rans 
6 ,12-y - lac tone;  and a short  wavelength CE at 207 nm which corresponds 
to the tt- tt*  t r a n s i t i o n  of the y- lac tone.  The in t roduc t ion  of an
add i t iona l  chromophore, an a,3-unsaturated carbonyl ,  changed the CD 
spectrum remarkably. Compound 113 which contains an a,3-unsaturated 
C-14 aldehyde showed a strong negative CE at 226 nm which must 
correspond to  the tt- tt*  t r a n s i t i o n  of  the a,3-unsaturated aldehyde
CO
moiety (Figure 4-6) .  A negat ive band in t h i s  region (224 nm) was
also observed fo r  the two n a tu r a l l y  occuring melampolide-aldehydes
25 25
acanthospermal A (123) and acanthospermal B (124) (Table 4 .3 ) .
The absence of the negat ive band in the region 245-261 nm due to the
n- i r*  t r a n s i t i o n  of  the a-methylene-y-1 actone in compound 113 was
caused by the overlap of the strong negative band at 226 nm.
Furthermore, the absence of  the negat ive CE in the region of  207 nm
is  due to  a strong p o s i t i v e  band at 201 nm.
The above f ind ings  were fu r t h e r  corroborated by the analysis of
the CD spectra of compounds 116 and 117 which are the 11,13-dihydro-
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products of compounds 113 and 114 respec t ive ly .  The occurance of 
only one band in the CD spectrum of compound 117 was in agreement 
wi th the presence of one chromophore in the molecule wi th a strong 
negative CE at 205 nm (Figure 4 .6 ) ,  which was a t t r ib u te d  to the tt- tt*  
t r a n s i t i o n  of the y-1 actone. On the other hand, compound 116 showed 
a CD spectrum s im i la r  to 113. A strong negat ive CE at 221 nm was
x 10°
3 0  _i
2 0
-  2 0  _
-  3 0  _
R = CHO 
R = CHoOH
-  4 0  .
-  5 0  .
-  6 0  .
''CH
-  70  .
CHoOH
-  8 0
280220 260200 240 nm
Figure 4-6 CD spectrum of three re la ted  melampolides.
Table 4.3 CD Cotton E ffec ts  Exh ib ited by a Series of Melampolides
Structure Compound *( leJ ) x(LoJ)
R
(113) R = CHO 201 ( 3.1 X 104) 226 ( -3 .6  x 104)
(114) R = CH20H 207 (-4.5 X 104) 257 (-8.2  x 103)
o-*L
R
(116) R = CHO 197 (+4.4 X 104) 221 (-2.8 x 104)
(117) R = CH20H 205 ( -7 .8 X 104 )




(119) R = CHO
'  'NC'.r*. •
(120) R = CH20H
195 (+1.5 x 104) 225 (-3.0 x 104)
198 ( -1 .9  x 104) 218 (+3.7 x 103)
Table 4.3 Continued
Structure Compound ' " m r ~ (LeJ)
CHO
J . R R.
Acanthospermal A 224 (-5 .4  x 104)
(123) R = A, R' -  B
Acanthospermal B
V
(124) R = OAc, 224 (-4 .0  x 104 )
C 02CH3 R' = B
r/ i = i>R
W y Melampolidin (125) 218 ( -5 .8  x 103) 249 (-3.0  x 103)
R = C 265 ( -7 .0  x 103)
S 1p *
0
I  ^ 8  o h  1
a = - C T T ^ B = o 1! 1 0 1rOAc
co
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assigned to  the t t - t t *  t r a n s i t i o n  of  the a , p-unsaturated aldehyde. But 
in contras t  to the CD of aldehyde 113, the strong negat ive CE at 221 
in 116 is  not as broadened as the one observed fo r  113 (Fiqure 
4 .7 ) .  This is due to the absence of  the n-ir* t r a n s i t i o n  of the y- 
1actone in compound 116. The other band observed fo r  compound 116 is 
a strong pos i t i ve  CE at 197 nm.
The CD spectrum of the 4,5-epoxide 119 was very s im i la r  to i t s
analog 116 (Figure 4 .8 ) .  These f ind ings  suggested that
homoconjugation between the crossed l ( 1 0 ) - c i s  and 4 ,5- trans  double
bonds in 116 does not cont r ibu te  to  the observed CE, or i f  i t  does,
64 66the con t r ibu t ion  must be minimal. ’
In conclusion, the data presented in t h is  sect ion does not 
account fo r  the p o s i t i v e  band observed in the region of  250 nm fo r  
melampodin A type compounds (Table 4 .2 ) .  This pos i t i ve  band might be 
associated with minor conformational changes w i th in  the melampolide 
skeleton which could in v e r t  the sign of the to rs iona l  angle of the 
lactone chromophore and there fo re  the sign of  the CE. A l t e rn a t i v e l y ,  
the ch i ra l  centers at C-2 and C-9 in the n a tu ra l l y  occur ing 
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Figure 4.7 CD spectrum of three re la ted  melampolides
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Figure 4.8 CD spectrum of two re la ted  melampolides
Figure 4-9. 200 MHz NMR spectrum o f  melampodinin B (94)
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Figure 4-11. 200 MHz ''’H NMR spectrum o f
(CDC13 , 300°K)
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Figure 4-12. 200 MHz NMR spectrum o f
11,13-dihydromelampodinin B (97) (CDC1,, 300° K)r\y\> o
-OAc
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Figure 4-13. 200 MHz H NMR spectrum
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Figure 4-14. 200 MHz NMR spectrum o f  101
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Figure 4-15. 200 MHz *H NMR spectrum o f
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Figure 4-16. 200 MHz *H NMR spectrum of
15-desacetoxymelfusin ( 1 1 0 )

















Figure 4-17. 200 MHz NMR spectrum o f  113.
(CDC13, 300°K)









FIGURE 4-13. 200 MHz NMR spectrum o f  11£
(CDCI3 , 300°K)
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Figure 4-20. 200 MHz NMR spectrum o f  117
(CDC13, 300° K)
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Figure 4-22. 200 MHz NMR spectrum o f  120
(CDC13, 300°K)
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Table 4-4. XH NMR Spectral Data9
Assi gnment 94 (CDC13 106 (C DC 13)
H-l 7.0 ii  (2.5) 7.02 d ( 2 . 0
H-2 3.67 dd (3.5, 2.5) 3.68 dd (4.0,  2,
H-3 - 3.75 d (3.5) 3.76 d (4.0
H-5 5.34 dd (10.5 , 1.5) 5.34t)
H- 6 5.23 dd (9.5, 10.5) 5.23 dd ( 1 0 . 0 )
H-7 ,2.70 dt (9.5, 3.0) 2 . 6 6 IT|b
H- 8 6 . 6 8 br d (9. 0 ) 6.73 d (9.0)
H-9 5.36 d (9.0) 5.41 d (9.0)
H-13a 5.82 d (3.0) 5.80 d (3.0)
H-13b 6.23 d (3.0) 6 . 2 2 d (3.0)
C-4-Me 2 . 2 1 d (1.5) 2 . 2 1 d ( 2 . 0 )
C02Me 3.83 3.82
H-31 5.18 q ( 6 . 0 ) 5.18 q ( 6 . 0 )
C-2' -Me 1.26 1.14
C-31-Me 1.26 d ( 6 . 0 ) 1.23 db
OAc 1.92 1.90
C-2"-Me 1.06 d (7.0) 1.91
C-3"-Me 0.81 t (7.0) 1.79 db
H-27H-3" 2.34 q (7.0) 6.83 brq (7.0)
aSpectra were run at 300 K at 200 MHz, and Me^Si was used as in te rna l  
standard.  Values are recorded in parts per m i l l i o n  r e la t i v e  to Me^Si. 
Sing le ts  are unmarked and m u l t ip le ts  are designated as fo l lows :  d,
doublets;  t ,  t r i p l e t ;  q, qua r te t ;  p, pentet ;  h, heptet ;  m, m u l t ip le t  
whose center is given; br, broad. Figures in parenthesis are coupling 
constant or l i n e  separation in hertz.  ^Obscured by other s igna ls .  
cRun at  328 K. dRun in benzene d- 6  at 348 K. eRun in benzene d- 6  at 
298. Run at  100 MHz.
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Table 4-4 Continued
As si gnment 95r\. e\. (CDC13) 105 (CDC13)
H-l 7.02 d (7.9) 6.97 d ( 8 . 0 )
H-2 5.01 dd (7.9, 5.0) 4.97 dd (8.0 ,  4.0)
H-3 4.72 d (5.0) 5.51 d (4.0)
H-5 5.62 d ( 1 0 . 0 ) 5.40 d ( 1 0 . 0 )
H- 6 5.35 t ( 1 0 . 0 ) 5.19 t ( 1 0 . 0 )
H-7 2.62 dddd ( 1 0 . 0, 2.5,  2.5 2.71 ddd (10.0,  3.0,  3.0)
2 . 0 )
H- 8 4.84 dd (8 . 0 , 2 . 0 ) 4.74 d (8.9)
H-9 4.60 d ( 8 . 0 ) 6.29 d (8.9)
H-13a 5.64 d (2.5) 5.69 d (3.0)
H-13b 6.34 d (2.5) 6.27 d (3.0)
C-4-Me 2.15 2.23
-OMe 3.80 3.85
OAc 2 . 1 2 / 2 . 1 1
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Table 4-4 Continued.
As si gnment 96 (CDC13 ) 107 (Acetone
H-l 6.96 d (7.5) 6.73 dd (3.0,
H-2 4.90 dd (7 .5,  4.5) 3.65 dd (3.0,
H-3 4.69 d (4.5) 3.69 d (2.0)
H-5 5.54 dd (10.0,  1.5) 5 .32-5 .01b
H- 6 5.3 t  (10.0) 5 .32 -5 .01b
H-7 2.20 ddd (12.5,  10.0, 1.5) 2.85 mb
H- 8 4.48 dd (7.5,  1.5) 6.37 dd (8 .5,
H-9 4.55 d (7.5) 4.16 d (8.5)
H - l l 3.01 ddd (12.5,  5.0,  3.5) —
H-13a 3.59 dd (9.5,  3.5) 5.69 d (3.0)
H-l 3b 3.76 dd (9 .5,  5.0) 6.05 d (3.0)
C-4-Me 2.12 d (1.5) 2.15 d (1.5)
O-Me 3.78/3.35 —
CĈ Me — 3.75
C-2 1 -Me — 1.34





(CDC13 ) 1 0 0 (cdc i3)
H-l 6.98 d (2.5) 7.01 d (2.5)
H-2 3.64 dd (3.8, 2.5) 3.65 dd (4.0,  2.5)
H-3 3.71 d (3.8) 3.71 d (4.0)
H-5 5.18 dd (1 0 . 0 , 2 . 0 ) 5.17 dd (10.0,  1.5)
H- 6 4.99 t ( 1 0 . 0 ) 4.98 t  ( 1 0 . 0 )
H-7 1.75 ddd (13.0 , 1 0 . 0 , 1 . 2 ) 1 . 6 8 ddd (13.0,  10.0,
1 . 2 )
H- 8 6.23 dd (9.3, 1 . 2 ) 6 . 1 1 dd (9.0,  1.2)
H-9 5.37 d (9.3) 5.41 d (9.0)
H -11 2 . 1 0 dq (13.0, 7.0) 2.07 dq (13.0,  6.5)
C02Me 3.80 3.84
C-4-Me 2.17 d ( 2 . 0 ) 2.16 d (1.5)
C-l l -Me 1.31 d (7.0) 1.28 d (6.5)
OAc 1.98 1.97/1.98
C-2‘ -Me 1.28 1.28
H-31 5.15 q (6.5) 5.16 q ( 6 . 0 )
C-31-Me 1.28 d (6.5) 1.31 d ( 6 . 0 )
H-2" 2.30 m (7.0) —
H-3" 1.47 m (7.0) —
C-2"-Me 1.03 d (7.0) —
C-3"-Me 0.79 t (7.0) —
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Table 4-4 Continued
Assi gnment 99 (CDC13) 99 (Benzene d-6)
H-la 3.37 dd (15.0 , 6.0) 2.99 dd (15.0, 6.0)
H-lb 2.59 d (15.0) 1.94 d (15.0)
H-2 3.07 dd (6.0, 4.8) 2.46 dd (6.0, 4.0)
H-3 3.35 d (4.8) 2.79 d (4.0)
H-5 5.41 d (10.0) 5.51 dq (10.0, 1.0)
H-6 4.79 t (10.0) 4.75 t  (10.0)
H-7 2.92 ddd (13. 0, 10.0, 4.0) 2.98 ddd (13.0 , 10.0,
4.0)
H-8 6.05 dd (6.0, 4.0) 6.27 dd (6.5, 4.0)
H-9 5.54 d (6.0) 5.38 d (6.5)
H - l l 2.5 <dq (13.0, 6.5) 2.66 dq (13.0, 7.0)
C-4-Me 1.87 1.61 d (1.0)
C02Me 3.79 3.36
H-3' 5.11 q (6.5) 5.11 q (6 . 0 )
C-21-Me 1.40 1.37
C-31-Me 1.29 d (6.5) 1.28 d (6.0)
C-l l -Me 1.29 d (6.5) 1.39 d (7.0)
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Table 4-4 Continued.
Assi gnment 101 (CDC13) 1 0 1 (Acetone d - 6 )
H-la 3.14 dddd (15.5,  2.5,  1.0 3.11 dddd (16.0,  3.0,  1.0
1 . 0 ) 1 . 0 )
H- lb 3.02 ddd (15.5,  2.5,  1.0) 2.90 ddd (16.0,  3.0, 1.0)
H-2 3.30 ddd (5.0 ,  2.5,  2.5) 3.27 ddd (5.0,  3.0,  3.0)
H-3 3.5 brd (5.0) 3.47 brd (5.0)
H-5 5.18 dp (10.0,  1.0) 5.17 dp ( 1 0 . 0 , 1 . 0 )
H- 6 4.86 t  (10.0) 4.86 t  ( 1 0 . 0 )
H-7 1.93 ddd (13.0,  10.0, 1.0) 2 . 2 0 ddd (13.0,  10.0,
1 . 0 )
H- 8 5.15 brs 5.30 brs
H-9 7.03 brs 7.18 brs
H - l l 2.77 dq (13.0,  6 . 8 ) 2.76 dq (13.0,  6.5)
C-4-Me 1.80 t  ( 1 . 0 ) 1.76 t  ( 1 . 0 )
C- l l -Me 1.35 d ( 6 . 8 ) 1.28 (6.5)
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Table 4-4. Continued.
Assi gnment 108 (CDC13) 109 (CDC13 )
H-la 6.96 d ( 2 . 0 ) 3.37 dd (14.5, 6.0)
H-lb — 2.60 d (14.5) ■
H-2' 3.64 dd (4.0,  2.0) 3.02 dd (6.0,  5.5)
H-3 3.69 d (4.0) 3.30 d (5.5)
H-5 5.20 d (10.5) 5.40 dq ( 1 0 . 0 , 1 . 0 )
H- 6 ' 5.50 dd (10.5) 4.65 t  ( 1 0 . 0 )
H-7 2.24 brdd (10.5,  8.0) 2.69 ddd (10.0, 3.5, 3.5)
H- 8 6.39 brd (8 . 0 ) 6.08 dd (6.0,  3.5)
H-9 5.24 d ( 8 . 0 ) 5.57 d ( 6 . 0 )
H - l l 2.74 P ( 8 . 0 ) 2.36 m
C-4-Me 2.17 d ( 2 . 0 ) 1.81 d ( 1 . 0 )
C02Me 3.81 3.80
H-31 3.08 q ( 6 . 0 ) 3.12 q (5 .0)
C-21-Me 1.53 1.25
C-3'-Me 1.26 d ( 6 . 0 ) 1.38 d (5.0)
C-l l -Me 1.19 d (8 . 0 ) 1.13 d (7.5)
C-2"-Me 1.03 d (7.0) —
C-3"-Me 0.79 t r (8 . 0 ) —
H-2"/H-3" 2.3 m —
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Table 4-4 Continued.
Assi gnrnent 1 1 0 (CDC13 ) 1 1 0 (Benzene d - 6 )
H-l 5.69 d (5.0) 5.45 br d (5.0)
H-2 5.94 dd (10.0,  5.0) 5.62 dd (10.0,  5.0)
H-3 5.27 d ( 1 0 . 0 ) 5.11 ( 1 0 . 0 )
H-5 3.04 db (11.5) 2.99 d (11.5)
H- 6 4.55 dd (11.5) 4.39 dd (11.5)
H-7 2.24 dddd (11.5,  3.5,  3.0, 2.89 M
2.5)
H- 8 5.67 ddb 5.25 d (2.5)
H-9 4.39 brs 3.83 brs
H-l 3a 5.42 d (3.0) 5.02 d (3.0)
H-l  3b 6.17 d (3.5) 5.98 d (3.5)
C-4-Me 2.03 2.03
C02Me 3.73 3.30
H-3' 3.03 qb ( 6 . 0 ) 2.46 q ( 6 . 0 )
C-21-Me 1.53 1.14
C-31-Me 1.26 d ( 6 . 0 ) 0.96 d ( 6 . 0 )
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Table 4-4 Continued.
Assignment 113 (CDC13 ) 114 (CDC13)
H-l 6.52 ddd (9.3,  9.3, 2.0) 5.49 br t  (7.0)
H-2a/H-2b 2 .0-2 .5  b
H-3a/H-3b 2 . 0 - 2 .5 b
H-5 5.03 br d (10.0) 5.04 d (10.0)
H- 6  4.58 t  (10.0) 4.60 t  (10.0)
H-7 2 .25b b
H-8 a 2.94 m 2.54 m
H-8 b 1.49 dddd (15.0,  11.5, 1.54 m
11.5, 2.0)
H-9a 2 . 43b b
H-9b 2.00b b
H-13a 5.47 d (3.0) 4.45 d (3.0)
H-l3b 6.20 d (3.2) 6.16 d (3.5)
C-4-Me 1.88 d (1.5) 1 . 8 6
H-14a 9.46 d (1.5) 4.14 d (13.8)
h-14b —  4.02 d (13.8)
200
Table 4-4 Continued.
Assi gnment 116 (CDClj)
H- l 6.50 ddd (7.8,  7.8, 1.5)
H-2a/H-2b 2 .2 -2 .5
H-3a/H-3b 2.2-2 .5
H-5 4. 92 d (10.0)
H- 6  4.59 t  (10.0)
H-7 1.35 in




H - l l  b
H-14a 9.45 d ( 2 . 0 )
H- 14b
C-4-Me 1.88 d (2.0)
C-ll-Me 1.16 d (7.0)
I I I  (CDCI3 )




4.61 t  (10.0)













Assignment 119 (CDC13) 120 (CDC13)
H-l 56.68 br dd (8.5) 5.67 br dd (8.0)
H-2a/H-2b 2.15-2.55 b
H-3a/H-3b 2.15-2.55 b
H-5 2.62 d (9.5) 2.79 d (9.0)
H- 6  3.79 t  (9.5) 3.87 t  (9.0)
H-7 b 1.95 dddd (13.0,  10.0,
9.0, 3.0)
H-8 a/H- 8 b 2. 15-2.85 2.1-2.5
H-9a/H-9b 2.15-2.85 2 .1-2 .5
H - l l  2.15-2.85 2.1-2.5
H-14a 9.5 d (1.5) 4.17 d (13.0)
H-14b —  4.08 d (13.0)
C-4-Me 1.57 1.57
C-ll-Me 1.18 d (7 .5 ) 1.29 d (7.5)
Table 4-5. X-ray Coordinates fo r  Nonhydrogen Atoms in the 14-Alkoxy and the 14-0xo- 
de r iva t ive  of  Dihydroparthenolides.
Coordinates and Equivalent Isotropic Thermal Parameters for Alcohol ^ 1̂ 22^ A
Atom X Y Z Bea Atom * Y Z Beg
01 0.9221(3) 0.4289(2) 0.3129(1) 3.74(5) C7 0.9861(5) 0 . 399 5 ( 3) 0.5677(2) 2.99(6)
02 0.9034(4) 0.2731(2) 0.4601(1) 3.62(5) C8 0.9433(5) 0.4996(3) 0.6199(2) 3.41(7)
03 0.9333(4) 0.1261(2) 0.5388(2) 4.65(6) C9 1.0026(6) 0.6048(3) 0.5772(2) 3.27(7)
04 1.3193(4) 0.6 370(2) 0.6873(2) 4.71(6) CIO 1.1916(5) 0.6083(2) 0.5443(2) 3.01(5)
Cl 1.2422(5) 0.6435(3) 0.4633(3) 3.49(7) C ll 0.9298(5) 0.2974(3) 0.6141(2) 3.34(7)
C2 1.1224(5) 0.6876(3) 0.3911(2) 3.33(7) C12 0.9221(5) 0.2213(3) 0.5380(3) 3.46(7)
C3 1.0666(5) 0.6090(3) 0.3195(2) 3.65(7) C13 1.0502(6) 0.2594(3) 0.6909(2) 4.27(8)
C4 0.9235(5) 0.5337(3) 0 . 3541(2) 3.14(7) C14 1.3375(6) 0.5745(3) 0.6091(2) 3.55(7)
C5 0.9933(5) 0.4401(3) 0.4028(2) 3.08(6) C15 0.7401(6) 0.5771(3) 0 . 36 7 3(2) 4.29(8)
C6 0 . 8961(5) 0 . 30 7 3(3) 0.4771(2) 3.01(6)
Estimated standard deviations in the least significant digits are shown in parentheses
Alcohol :  Orthorhombic sp. G r . ; P2,2,2 , ;  a= 7.435 (2) A; b= 12.678 (2) A;
c- 14.991 (2) A.
Table 4-5. continued
Coordinates and Isotropic Thermal Parameters for A1 dehyde
Atom X Y Z B or Beq Atom X Y Z B or Beq
01 -1.006(1) -0.1611(8) -0 . 4863(5) 4.3(2) C6 -0.898(1) -0.403(1) -0.4461(6) 3.0(2)
02 -0.888(1) -0.4599(8) -0.5231(4) 4.1(2) C7 -0.768(1) -0.470(1) -0.4050(6) 2.9(2)
03 -0 . 785(1) -0.6450(8) -0.5798(5) 5.4(2) C8 -0 . 779(1) -0.477( 1) -0.3201(7) 4.0(3)
04 -0.444(1) -0 . 3978(11) -0 . 308 3(6) 7.0(3) C9 -0.751(2) -0.332( 1) -0.2744(7) 4.3(3)
01W -0.293(1) -0.4384(11) -0.8829(6) 7.7(3) CIO -0.641(1) -0.235(1) -0.3098(7) 3.9(3)
Cl -0.670(2) -0.092(2) -0.3286(8) 4.9(3) Cll -0 . 762(1) -0.619(1) -0.4440(6) 3.5(3)
C2 -0.806(1) -0.007(2) -0.3158(7) 4.8(3) C12 -0.810(1) -0.587(1) -0.5223(7) 4.1(3)
C3 -0.903(1) 0.002(1) -0.3874(7) 4.3(3) C13 -0.615(2) -0.692(1) -0.4386 ( 8) 5.6(4)
C4 -0.975(1) -0.143(1) -0.4079(7) 3.5(3) C14 -0.492(2) -0.281(2) -0.3247(8) 5.8(4)
C5 -0.882(1) -0.236(1) -0.4529(6) 3.3(2) C15 -1.097(2) -0.189(1) -0.3575(8) 5.0(2)
Estimated standard deviations in the least significant digits are shown in parentheses
Aldehyde: Orthorhombic sp. Gr.;  P2,Z,Z,;  a= 9.059 (2) A ;  b= 9.297 ( 8 ) A; 





The genera l iza t ion made about equipment and condi t ions in the 
experimental sect ion of  chapters I I  and I I I  are the same in regard to 
the data presented in t h is  chapter.
Melampodium pilosum (Hartman and Funck, No. 4265, co l lec ted  on 
September 5, 1976, 23 miles west of La Huacana, Michoacan, Mexico; 
voucher deposited at O.S.,  U.S.A.) Aer ia l  parts (70 g) y ie lded 120 
mg of  crude terpenoid mater ia l which was chromatographed by prep. TLC 
prov id ing 3 mg of 92, 2 mg of 93 and 3 mg of a mixture of  
melampolides (*H NMR) which could not be fu r th e r  separated due to the 
lack of  mate r ia l .
Melampodium americanum (Hartman and Funck, No. 4175, co l lec ted 
on August 25, 1976 in Chiapas, Mexico; voucher deposited at O.S.,
U.S.A.)  Aer ia l  parts (1 Kg) were ex tracted with 2 1 of 
dichioromethane. Standard work-up y ie lded 5.0 g of crude syrup which 
was chromatographed over 280 g of  Si gel ,  s ta r t in g  wi th a mixture of 
CHCI3 -  n-PrOAc (7:3) fo l lowed with mixtures of  eluants of increasing 
p o la r i t y  (CHC13 -n-PrOAc, 1:1,  2:3,  1:2,  0:1,  and 100% Me2 C0 ) tak ing 
20 ml f ra c t io n s  obtaining a t o ta l  of 238 f ra c t io n s .  Fract ions 6-16 
contained 133 mg of  108. From f ra c t io n s  17-42, 150 mg of  91, 81 mg 
of  94 and 2.3 mg of a mixture of 94 and 106 were iso la ted  by repeated 
prep. TLC. Compounds 94 and 108 were r e c ry s ta l l i z e d  from 
isopropanol .  Frac t ions 55-80 provided 11.5 mg of  110 which was 
r e c ry s ta l l i z e d  from n-hexane. Fract ions 171-172 contained 10 mg 
of  107.
Melampodinin B (94), C28*^36^12» mP 205-206.5°; UV nm: ^
205
(e 3.6X104),  CD(MeOH; c 4.0 x 10” 4 ),  [ 0 ] 2 4 8  +3.8X104 , [ 0 ] 2 1 6  
-1.7X105; IR v ^ ^ 3  cm- 1 : 1710 (y - lac tone) ,  1750, 1740, 1730, 1720 
(e s te rs ) ,  1650, 1670 (double bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :  564 
[0 .4 ,  M], 479 [1 .6 ,  M -C4 H7 02] ,  462 [1 .0 ,  M -B ] ,  389 [1 .0 ,  M 
- c 7h12°5L  286 [19.1,  M -A -B] ,  227 [15.1 ,  M -A -B - C ^ O ^ ,  176 
[11 .0 ,  A] ,  131 [27.4,  A2] ,  85 [39.2,  B j ] ,  57 [91.4,  B2] ,  43 [100,
Ac],  29 [52.5,  B3] ; [Calcd.  fo r  C2 8 H3 6 012: 564.2207. Found: (MS) 
564.2200].
Melampodinin C (106),  C2 gH3 4 0^2, gum, which could not be 
completely separated from 94. UV 204 nm; CD (MeOH), max at
248 nm, min at 216 nm; IR 3 cm” '*': 1765 (y - lac tone) ,  1710, 1720,
1745 (es te rs ) ,  1645, 1665 (double bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :
462 [0 .4 ,  M -C],  303 [4 .4 ,  M -C - A j ] ,  286 [29.4 ,  M -C -A ] ,  277
[28 .1 ,  M -C -A -C2 H3 02] ,  176 [15.6,  A] ,  159 [4 .2 ,  A j ] ,  131 [22.3,
A2] ,  100 [1 .0 ,  C], 87 [3 .1 ,  A3] ,  83 [100, C ^ ,  55 [29.8,  C2] ;  [Calcd.  
f o r  C2 3 H2 6 01 0  (M -C): 462.1526. Found: (MS) 462.1510].
9-Desacetylmelampodinin A (107), C2 3 H2 gO ^ ,  gum; MS 70 eV m]z_
( r e l .  i n t . ) :  480 [1 .3 ,  M], 462 [2 .2 ,  M -H2 0 ] ,  304 [5 .7 ,  M -A ] ,  286 
[12.3 ,  M -A -H2 0 ] ,  227 [13.4,  M -A -H20 -C2 H2 02] ,  176 [26.7,  A] , 159 
[12 .3 ,  Ax] ,  131 [48.0 ,  A2] ,  87 [13.3,  A3] ,  43 [100, C2 H3 0].
11,13-Dihydromelampodin A, 9-[2-methy1butanoate]  (108),
C26H34°10’ mP 187-188°, UV 199 nm (e 2.3X104 ); CD (MeOH) [ 0 ] 24g
+3.5X104 , [ 0 ] ?1c -1 .7  X105; IR vCHC] 3 cm” 1: 1775 (y - lac tone) ,  1760,
ITlaX
1755, 1730, 1720, 1710, (es te r ) ,  1670, 1645 (double bonds); MS 70 eV 
m/z_ ( r e l .  i n t . ) :  404 [4 .2 ,  M -B ] ,  390 [0 .6 ,  M -D],  305 [2 .2 ,  M -B 
-Dx] ,  288 [29.8 ,  M -B -D],  273 [20.5,  M -B -D -CH3] ,  116 [2 .7 ,  D],
102 [0 .8 ,  B] , 99 [4 .3 ,  D j ] ,  85 [82.2 ,  B j ] ,  71 [19.7 ,  D2] ,  57 [100,
206
B2] ,  29 [5 .7 ,  B3] .  [Calcd.  f o r  C2 6 H3 4 010: 506.2152. Found (MS)
506.2155.]
M e l fus in , 15-desacetoxy (110), C2 ^H2 4 0g, mp 150-152°,
UV 3 nm: end absorption at 200 (e 4.5X104) ,  265 (e 1.1X104 );  CD111 Cl A
(MeOH; c 3.4X10"3);  [ © ] 2 7 2  +4.4X104, [ © ] 2 1 3  -3.9X104; IR v ^ ] 3 cm"1:
3670 (OH), 1765 (y - lac to ne ) ,  1745, 1730, 1715 (e s te r ) ,  1640, 1650 
(double bonds); MS 70 eV mjz_ ( r e l .  i n t . )  420 [ - ,  M+] ,  404 [3 .5 ,  M 
- 0 ] ,  270 [1 .1 ,  -0 -D -H2 0 ] ,  255 [1 .5 ,  M -0 -D -H20 -CH3 ] ,  239 [1 .7 ,
M -0 -D -H20 -OMe], 211 [24.5 ,  M -0 -D -H20 - C ^ O ] ,  116 [1 .6 ,  D], 99 
[2 .7 ,  D j ] ,  71 [12.5,  D2] ;  [Calcd.  f o r  C2 1 H2 4 0g: 404.1469 (M-0).
Found: (MS) 404.1478].
Reaction of  Melampodinin A (91) wi th sodium methoxide: To a
s t i r r e d  solut ion of 84 mg (0.16 mmoles) of  melampodinin A (91) in 10 
ml of methanol, was added dropwise 3.6 ml of a so lu t ion  of sodium 
methoxide (0.32 mmoles) at room temperature.  The react ion was 
quenched a f t e r  25 minutes fo l low ing  the addi t ion of 5% hydroch lor ic  
acid. Methanol was removed, water added, and extracted with 
dichioromethane. The organic layer was dr ied over sodium s u l f i t e .
The crude mixture was separated by PLC [EtOAc-CgH^ 6 :4 ) ] .  The band
with R^= 0.52 provided 7.6 mg of  96
and the band at Rf= 0.63 y ie lded 21.1 mg of  95.
Compound (95), C-^H^gOy, gum; IR 3 cm"1: 3630, 3580 (OH),
1760 (y - lac tone) ,  1630, 1600 (double bonds); MS 70 eV m/z_ ( r e l .  
i n t . ) :  322 [0 .6 ,  M], 304 [0 .5 ,  M -H2 0 ) ] ,  290 [1 .4 ,  M -CHgOH], 272 
[2 .5 ,  M -CH3 OH -H2 0 ] ,  254 [2 .4 ,  M -CH3 OH -2H2 0].
Compound (96),  C^7 H2 2 0g, gum; IR 3 cm” 1: 3630, 3480 (OH),
1770 (y - lac tone ) ,  1640, 1630 (double bonds); MS 70 eV _m/z_ ( r e l .
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i n t . ) :  354 [ 1 . 2 , M], 322 [ 1 . 0 , M -CH3 OH], 304 [1 .7 ,  M -CH3 OH -H2 0] ,
286 [1 .6 ,  M -CH3 OH -2H2 0 ] ,  254 [3 .3 ,  M -2CH3 0H -2H2 0 ] .
Acetyl at ion of  Compound (95): to  a so lu t ion  of 20 mg of  95 in
0.5 ml of Ac20 was added 0.5 ml of  py r id ine ,  the solut ion was s t i r r e d  
fo r  30 minutes a f te r  which the solvent was removed in vacuo to 
produce 15 mg of  compound 105.
Compound (105), C2qH22^*9’ 9um’ ^  vmax^ cm”  ̂ 1 ̂ 90-1700 (y- 
lactone and es te rs ) ;  MS 70 e m/z_ ( r e l .  i n t . ) :  406 [ - ,  M], 364 [1 .9 ,  M 
-C2 H2 0 ] ,  346 [2 .1 ,  M -HOAc], 322 [7 .5 ,  M -2C2 H2 0 ] ,  304 [4 .3 ,  M -HOAc 
-  C2 H2 0 ] ,  286 [ 2 . 6 , M -2H0Ac].
Reaction of  me!ampodinin B_ (94) wi th j6 equivalents NaBĤ  in 
methanol by the procedure as described fo r  long icorn in  A (1):  286 mg
of 94 af forded 36 mg of  11,13-dihydromelampodinin B (98) and 76 mg of  
compound 99.
l l p - H , 13-Dihydromelampodinin B (98),  C28^38^12’ mP 135-137°;
IR v ^ ] 3 cm"1: 3575 (OH), 1780 (y - lac tone) ,  1740, 1730 (es te rs ) ;  MS 
70 eV m/z ( r e l .  i n t . ) :  566 [ - ,  M], 481 [2 .3 ,  M - B ^ ,  464 [1 .0 ,  M -B] ,
378 [1 .7 ,  M -A j  -B3] ,  305 [4 .1 ,  M -Ax - B j ] ,  288 [75.4,  M -A -B ] ,  176 
[32 .3 ,  A] , 159 [23.1 ,  A] , 131 [100, A2] ,  85 [94.6,  B2L  57 [90.6,
B3].
Compound (99),  C2 3 H3 qO-lq, gum; IR ^ ^ 3  cm- 1 : 3575 (OH), 1775 
(y - lac tone ) ,  1740, 1735 (es te rs ) ,  1685, 1650 (double bonds); MS 70 eV 
m/z_ ( r e l .  i n t . ) :  466 [ - ,  M], 335 [0 .7 ,  M -A2] ,  307 [1 .2 ,  M -A-^], 291 
[20.8 ,  M -C7 Hn 05] ,  290 [3 .9 ,  M -A ] ,  231 [44.4 ,  M -A -Ac ] ,  213 [100,
M -A -Ac -H2 0 ] ;  Cl ( isobutane) _m/z_ 467 (M+l).
Reaction of  compound 99 wi th  sodium methoxide: To a s t i r r e d
■ . 1.1 n 11 1 . w i — 1 1. 1 11 I  .1 .  .  .1.1 . . .  .  .  1 1   
so lu t ion of 75 mg (0.16 mmoles) of 99 in 5 ml of  anhydrous methanol
208
was added 0 . 8  ml of a solut ion of  sodium methoxide (0.16 mmoles) at 
0°. A f te r  one hour the reaction was terminated with the addi t ion of 
5% hydroch lor ic  acid.  Normal work-up provided an o i l y  residue which 
was separated by PLC [EtOAc-petrol ( 1 :1 ) ]  to  y ie ld  17.2 mg of 101.
Compound (101), Cn(;HnK0K, qum, IR 3 cm- 1 : 1770 (y - lac tone ) ,
— —  — —  1 J  i u  j  ITIaX
1640 (double bonds); MS 70 eV m/z_ ( r e l .  i n t . ) :  276 [11.9 ,  M], 258 
[0 .5 ,  M -H2 0 ] ,  243 [1 .4 ,  M -H20 -CH3 ] ;  [Calcd. fo r  C1 5 H1 6 05:
276.1014. Found: (MS) 276.0997].
Reaction of  melampodinin A (91) wi th s ix  equivalents of  NaBĤ  in 
methanol by the procedure as described f o r  long icorn in  A (1):  51.4 mg 
of 91 af forded 16.6 mg of l l3-H,13-dihydromelampodinin A (100) and 24 
mg of (99).
l lg-H,13-Dihydromelampodinin A (100) CggHggO]^* mP 161-153°;
IR vĈ ] 3 cm- 1 : 3585 (OH), 1780 (y - lac tone ) ,  1740, 1725 (es te rs ) ,  md x
1680, 1650 (double bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :  524 [ - ,  M], 438
[2 .0 ,  M -Ac ] ,  305 [0 .5 ,  M -A j  -Ac ] ,  288 [14 .8 ,  M -A -HOAc], 256 [3 .2 ,
M -A -HOAc -CH3 OH], 176 [8 .5 ,  A] , 159 [7 .2 ,  Ax] ,  131 [23 .9 ,  Ag], 87
[3 .2 ,  A3] ,  43 [100, Ac].
Reaction o f  compound 108 with s ix  equivalents of  NaBH/| by the
procedure as described fo r  long icorn in  A (1):  100 mg of  108 af forded
40 mg of  unreacted 108 and 6.3 mg of compound 109, Cg^HggOg, gum;
IR v CHC13 cm- ''’ : 1770-1700 (y- lactone and es te rs ) ,  1640 (double max ' '
bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :  406 [0 .4 ,  M], 290 [0 .4 ,  M -D],  272 
[1 .1 ,  M -D -H2 0 ] ,  231 [4 .9 ,  M -D -AcO], 213 [ 6 . 8 , M -AcO -HgO], 116 
[7 .6 ,  D], 99 [31.7 ,  D ^ ,  71 [75.5,  Dg]; [Calcd.  f o r  C2 1 H2 8 08 :
406.1625. Found: (MS): 406.1631].
Oxidation of costuno lide  (112) w ith  SeOg/t-BuOOH: In a 5 ml
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reaction v i a l ,  47 mg of  Se0 2  (0.43 mmoles) and 0.24 ml (70% aqueous 
s o lu t ion ,  1.72 mmoles) of t-BuOOH were mixed with 1 ml of  anhydrous 
dichloromethane. The mixture was s t i r r e d  at room temperature fo r  15 
minutes fol lowed by the addi t ion of  2 0 0  mg (0.85 mmoles) of  
costunol ide (112). A f te r  35 minutes, the solvent was removed, 
dichloromethane was added and the so lu t ion dr ied over CaCl2. The 
solvent was evaporated, and the o i l y  residue was separated by PLC 
[ E t 2 0-pet ro l  ( 6 :1 ) ] .  The band at R^= 0.8 y ie lded 27.9 mg of 113 and 
the band at R^= 0.2 y ie lded  112 mg of  114.
Compound (113), C1 5 Hlg 03, UV nm: 227 (e 1.2X104 ), 205
(e 1.1X104); CD (MeOH; c 7.5X10- 4 ), [ 0 ] 226 -3.6X104, [ © ] 2 0 1 +3.1X104, 
[ 0 ] 3 O5  + 1. 53X103; IR v ^ 13 cm- 1 : 1770 (y - lac tone ) ,  1680 (a,B- 
unsaturated aldehyde),  1625 (double bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :
246 [25.7 ,  M], 231 [ 6 . 8 , M -CH3 ] ,  217 [19.3,  M -CH0].
Compound (114), C-^H.^^^,  UV strong end adsorpt ion;  CD (MeOH; 
c 9.7X10- 4 ),  [ 0 ] 2 5 5  -8.5X103, [e ] 2 Q 7  -4.5X104; IR v ™  3 cm- 1 : 3540 
(OH), 1760 (y - lac tone) ,  1670 (double bonds); MS 70 eV_m/z_(rel.  
i n t . ) :  248 [1 .1 ,  M], 230 [20.8 ,  M -H2 0 ] ,  215 [15.1 ,  M -H20 -CH3 ] .
Reduction of  costunol ide (112) wi th  NaBH/). To a so lu t ion of 423 
mg (1.82 mmoles) of costunol ide in 1 0  ml of  dry methanol at 0 ° was 
added 138 mg (3.64 mmoles) of sodium borohydride.  The mixture was 
s t i r r e d  fo r  two hours, a f t e r  which i t  was neu t ra l ized  with  5% 
hydroch lor ic  acid and evaporated to  dryness. Water was added, the 
so lu t ion  was extracted wi th  chloroform, washed wi th  water and dr ied 
over CaCl2. An NMR spectrum of the o i l y  residue showed q u a n t i ta t i v e  
reduct ion to 11,13-dihydrocostunol ide (115).
Oxidation of 11,13-dihydrocostunol ide (115) wi th SeOg/t-BuOOH by
210
the procedure described fo r  costunol ide (112): 60 mg of  115 af forded 
15 mg of  116 and 17 mg of  117./V<V/S J
Compound (116), C1 5 H2 0 03, gum, UV nm: 228 (e 5.0X103); CD
(MeOH; c 1.5X10- 3 ),  [ © ] ? ? 1  -2.8X104, [0 ] i q 7  +4.4X104; IR vĈ C13
C . C . X  ± 2 /  P1Q )(
cm- '*': 1775 ( y - lac tone ) ,  1685 (a,3-unsaturated aldehyde), 1630 (double 
bonds); MS 70 eV _m/z_ ( r e l .  i n t . ) :  248 [20.3,  M], 233 [9 .3 ,  M -CH3] ,  
219 [16.5 ,  M -CH0].
Compound (117),  CJ5 H2 2 O3 , gum; UV strong end absorption at 201 
nm; CD (MeOH; c 7.4X10"4),  [ e ] 205 -7.8X104; IR v ^ 13 cm- 1 : 3540 
(OH), 1770 (y - lac tone ) ,  1675 (double bonds); MS 70 eV mjz_ ( r e l .  
i n t . ) :  250 [5 .2 ,  M], 323 [24.2,  M -HgO], 217 [13.4,  M -H20 -CH3 ] .
Oxidation of d ihydropartheno l ide (118) wi th Se02 /T-Bu00H by the 
procedure described fo r  costunol ide (112): 500 mg of 118 af forded 156
mg of 119 and 277 mg of  120.
Compound (119), C1 5 H2 0 04, mp 154-155°, UV nm: 228 (e 1.1
X104 ); CD (MeOH; c 8.1X10- 4 ), [ © ] 2 2 5  -3.0X104 , [ 0 ] 1 9 5  +1.5X104;
IR cm- '*: 1780 (y - lac tone ) ,  1685 (a,B-unsaturated aldehyde),
1635 (double bond); MS 70 eV _m/z_ ( r e l .  i n t . ) :  264 [0 .4 ,  M], 235 [1 .4 ,
M -CH0], 206 [49.5,  M -2C0].
Compound (120),  ^ 1^ 22^^* 188-188.5°, UV strong end absorpt ion;  
CD (MeOH; c 8.7X10- 4 ) [© ] 2 i 8  +3.7X103, [ © ] 1 9 8  -1.9X104 , IR v ^ 13 
cm- '*': 3565 (OH), 1780 (y - lac tone) ;  MS 70 eV ni/z_ ( re 1. i n t . ) :  266 
[0 .6 ,  M], 248 [0 .4 ,  M -H20 -CH0].
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45. Fischer,  N. H.; Wi ley, R. A.; Perry, D. L . ;  Haegele, K. D. _J_.
Org. Chem. 1976. 41, 3956.
46. Grieco, P. A.; Migashi ta ,  M. _J_. Org. Chem. 1974, 39, 120.
47. Fronczek, F. R.; Malcolm, A. J . ;  Fischer,  N. H. J_. Nat. Prod.
1983, 00,0000.
48. S tock l in ,  W.; Waddell, T. G.; Geissman, T. A. Tetrahedron 1970,
_26, 2397.
49. Beechan, A. T. Tetrahedron 1972. 28, 5543.
214
50. Sandararaman, P.; McEwen, R. S.; Herz, W. Tetrahedron L e t t e r s ,
1973. 3807.
51. Herz, W.; Bhat, S. V. J_. Org. Chem. 1972. _37, 906.
52. Umbreit,  M. A.; Sharpless, K. B. Chem. Le t t .  1979. 1503.
53. Haruma, M.; I t o ,  K. J_. Chem. Soc. Chem. Comm. 1981. 483.
54. Dolejs,  L . ;  Herout, V. Col 1. Czech. Chem. Commun. 1967, 32, 3934.
55. Schell man, J. A. Acc. Chem. Res. 1968, _1, 144.
56. Stork,  G.; White, N. J_. Amer. Chem. Soc. 1956, 78, 4609.
57. Quijano, L . ; Fischer,  N. H. _J_. Nat. Prod. 1981, 44. 266.
58. Herz, W.; Prasad, S. Org. Chem. 1982, 47, 2206.
59. Karplus,  M. _J_. Amer. Chem. Soc. 1963, 85, 2870.
60. Page 79-85 of t h is  d i s s e r ta t io n .
61. Page 135-142 of  t h i s  d i s s e r t a t i o n .
62. Page 202-210 of t h i s  d i s s e r ta t io n .
VITA
ARCELIO J. MALCOLM
Arce l io  J. Malcolm was born in 1955 in the Panama Canal Zone, 
Panama and educated in the Justo Arocemana I n s t i t u t e .  Mr. Malcolm 
received his BS degree from the Un ivers i t y  of Panama in 1977. He 
cont inued his education wi th Professor N. H. Fischer at LSU Baton 
Rouge campus from 1978 to  the present,  and he is  cu r re n t l y  a 
candidate fo r  the degree of  Doctor of Philosophy in the Department of 
Chemi s t r y .
215
EXAM INATION AND THESIS REPORT
Candidate:
Major Field: 
Title  of Thesis:
Arce l io  Jose Malcolm 
Organic Chemistry
St ruc tu re  E luc idat ion and Chemistry o f  Sesquiterpene Lactones from 
the Subtribe Melampodiinae
Approved:
M ajo r Professor and Chairman
l I ' il  ̂- I * '!/- ^ '
Dean of the Graduate School
E X A M IN IN G  C O M M IT T E E :
! \ f (
Date of Examination:
